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107,  —  17,  after  No.  1.  mseri  and  Plate  X.  b. 

fig.l. 

—  108,  Note  •,  for  Section,  Plate  X.  a.  No.  1.  read 

Sections,  Plate  X.  a.  No.  1.  and  X. 
b.  fig.  1. 

Ill,  line  3  from  bottom, /or  at  read  from 

112,  —  23,  for  subcristatus  read  crittatu8 ;  and 
add  Plate  XI.  fig.  23. — See  Appen- 
dix A.  p.  337. 

113,  —  15  f  for  Hamitet  aculeatus    read   Ua- 

mites  spiniger 

—  —    9  from  bottom,  add  the  word*  also  at 

Blackdown,  Devon,  Plate  XVIII.p. 
242. 

119,  —    9  from  bottom, /or  Siphonaria,  read  Si- 

phonia 

130,  —  20, /or  XXI.  f.  7.  rearf  XXIII.  fig.  7. 

131,  —  14,  for  TrochtUf  read  Pleurotomaria 

138,  The  thii^kness  of  the  beds  represented  in  the 

Wood-cut  differs  in  some  respecis 
fiY>m  those  of  the  List,  p.  139 ;  the 
latter  are  the  more  correct. 

143,  line  22,  dele  is 

153,  —    3,ybr  striata  read  gigantea 

Id4,  —    3,  for  fig.  2.  read  fig.  3. 

—    4, /or  No,  5.  read  No.  6. 

—  167,  —  11  from  bottom, /or  (b.)  read($,) 

—  —    —    9  from  bottom, /or  (b.)  read  (fi,) 
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para 

168,  —     1,/or  (2.  b.  and  2.  e.)  read  2.  /3.  and  2.  i. 

—    8,/or  12  read  10? 

—    —  1 1,/or  2.  a.  read  2.  ». 

last  line,  add^.  186,  read  (95.)  p.  186. 

181,  line  15,  for  Pippingford  read  Peppingford- 

Park 

—    —  21,  for  Odontopteru  read  SphenopterU 

182,  —  13  from  bottom,  for  No.  6.  read  No.  7. 

—  195,  —  14,  15,  17,  from  bottom,  for  Gryphtea 

read  Exogyra 

203,  —    3,  for  Seligrimut  read  SeUiguinuM 

—  204,  —    2,  intert**  Anomia  convene^  Plate  XIV. 

fig.  7.  Shore  East  of  Shanklin  Chine. 
See  p.  338." 

_  — .    —  25,  after  Ottrea  carinata  insert  "  Ostrea 

retuaa,  Plate  XIV.  fig.  4.;  from 
Atherfield,  in  the  Lower  green- 
sand." 

214, last  line,  for  VIII.  read  IX. 

225,  line  14,  dele  and 

230,  —    9,  for  XX.  read  XXII. 


Page  231,  line  24,  for  tricristata  read  triserrata 

234,  —    6,  qfter  thus :  insert  «  (see  Plate  X.  tu 

No.ll,  andX.b.  fig.9.)" 

'  241,  —    19,  2nd  column,  1    r    o*.  *  i  v    • 

342  -     2  from  bottom    I  Z"' StutcLbunenMS 

8iidDe«;ript.  of  Pl.XVni.fig.l.  J '•«<«^Stutchbunaiiu. 

242,  —    9,  first  column,  for  megastrema  read 

megatrema 

—    —    5,  second  column,  add  the  words ''also 

from  Eastware  Bay,  in  Kent ;  see  p. 
114,  line  32." 

252,  —  15, /or  4  feet  to  7  feet  read  4  to  7 

■    259,  —  19, /or  in  read  or 

260,  —    8,  for  Berston  read  Benston 

262,  —  26,  for  South  read  North 

—  32,  for  between  Gin  Cross  read  from 

Gore  Cross 

273,  —    6  from    bottom,  for  Aptychus    read 

TrigonellUes 

292,  —  23  and  30,  for  Aptychus  read  Tngo- 

nellites 

297,  —  10  from  bottom,  tiele  the  semicolon  after 

suboolitic 

298,  —  20,  for  Potamides  carinatum  read  Pota- 

mides  t  (a  new  species.) 

300,  —    5  from  bottom, /or  286  read  206 

302,  —  19,    iox  Aptychus  (Von  Meyer),— read 

'*  2W^oiie//t/e«, (Parkinson);  Ichthy^ 
osiagones,  (Riippell);  Aptychus, 
(Von  Meyer.)" 

303,  —    5,  for  206.  read  286. 

—  304,  —  16  ftx)m  bottom, /or  masses  read  matter 
—  24,  for  masses  read  matter 

305,  —    9,  dele  the  word  "  chalk  " 

309,  —    4,  note  \,for  R.  C.  read  C.  B. 

316,  —    6  from  bottom,  iox  Aptychus  revuSi  TVt- 

gonelUtes 

324,  —    8,  for  (168.)  p.  326.  read  (167.)  and 

(168.)  pp.  326.  and  329. 

339,  —    9,  iox  gigantea  rea(^  striata 

352,   In  the  reference  connected  with  Peniacri^ 

nites  scalaris,  for  fig.  2.  read  fig.  4. 

Tables  353,  After  Gastrochana,  insert  **  sp.doubtftil.— 

In  perforations  in  dicotyledonous 
(silicified)  wood;— Gati^  east  of 
Folkstone." 

355,   In  the  reference  Cytherea  subrotunda, /or 

PI.  XXII.  2.  read  Plate  XVII.  2. 

—  355,  After  Cyclas  media  insert "  C media, 

a  eibbose  variety,  PL  XXI.  fig.  11. 
iffastings-saiui;  Sussex,  177. — Pur- 
beck  strata  i  S.  Wilts,  259.)" 

— —    358,  note,  dele  ?  ?  nfier  the  word  acyectire 


I. — On  the  Geology  of  the  Neighbourhood  of  Weymouth  and  the 

adjacent  Parts  of  the  Coa^st  of  Dorset. 

By  the  Rev.  W.  BUCKLAND,  D.D.  P.G.S.  P.R.S. 
(professor  of  geology  and  mineralogy  in  the  university  of  oxford.) 

And  H.  T.  De  la  BECHE,  Esq.  P.G.S.  P.R.S.  &c. 

[Read  April  2  and  16,  1830.] 

JrEW  parts  of  the  world  present  in  a  small  compass  so  instructive  a  series  of 
geological  phaenomena  as  those  which  are  displayed  in  the  vertical  cliffs  of 
the  south  coast  of  England.  An  important  portion  of  this  coasts  including 
the  Isle  of  Wight  and  the  Isle  of  Purbeck,  has  been  well  described  by  Mr. 
Webster*,  and  subsequently  illustrated  by  Dr.  Pittonf .  In  the  Second  Series 
of  the  Geological  Transactions;};,  Mr.  De  la  Beche  has  published  sections 
of  the  coast  from  Bridport  Harbour  to  Sidmouth ;  and  in  the  same  volume 
Dr.  Buckland  has  given  drawings  of  the  cliffs  from  Sidmouth  to  Beer  Head, 
and  from  Lyme  Regis  to  the  Isle  of  Portland  §.  The  geological  history  of 
the  neighbourhood  of  Weymouth  has  been  partially  illustrated  by  Prof. 
Sedgwick  in  the  Annals  of  Philosophy  || ;  and  it  will  be  the  object  of  this  paper 
to  supply  its  full  details,  illustrated  by  a  map  and  sections;  beginning  our 
observations  at  the  point  where  Mr.  Webster's  sections  end,  viz.,  at  the  Pro- 
montory of  White  Nore,  about  eight  miles  E.N.E.  of  the  town  of  Weymouth, 
and  continuing  them  to  Weymouth  and  Portland,  and  thence  westward  along 
the  Chesil  Bank  to  the  cliffs  west  of  Lyme  Regis. 

To  our  representations  of  the  coast  we  shall  add  many  inland  sections  of 
the  adjacent  district,  including  all  the  strata  which  occupy  that  portion  of  the 
south  frontier  of  the  county  of  Dorset  which  lies  between  the  great  south 

*  See  Sir  H.  Englefield's  History  of  the  Isle  of  Wight ;  the  Geological  Transactions,  First 
Series,  vol.  ii.  p.  161 — 254  ;  and  Second  Series,  vol.  ii.  Part  I.  p.  37 — 44  :  also  Annals  of  Philo- 
sophy, vol.  XXV.  p.  SS — 51. 

•f  Annals  of  Philosophy,  Nov.  1824,  vol.  Ixiv.  p.  376. 

X  Geological  Transactions,  Second  Series,  vol.  i.  Part  I.  PI.  VIII.  §  Ibid.  Plate  XIV. 

II  Annals  of  Philosophy,  1826,  vol.  xxvii.  p.  346. 
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•   •  • 

escarpipenl*  of  the  chalk  downs  and  the  sea.  We  shall  designate  this  tract 
by .'t-life 'general  appellation  of  the  Weymouth  District:  it  is  a  tract  of  no 
siriall  importance  in  the  geological  history  of  England  : — 

!•  From  its  position  near  the  south-western  termination  of  several  principal 
•/:•.'*. '  formations  of  this  island^  including  tertiary  strata^  chalky  greensand^  Purbeck 
:'.''      and  Portland  beds^  several  members  of  the  oolite  formation^  and  lias. 

2.  As  exhibiting  a  coast  section  which  forms  an  interesting  object  of  com- 
parison with  the  north-eastern  terminations  of  the  same  strata  on  the  coast 
of  Yorkshire,  which  have  recently  been  so  well  described  by  Mr.  Phillips*, 
and  with  their  appearance  across  the  Channel  on  the  coast  of  Normandy,  tbe 
details  of  which  have  been  described  by  Mr.  De  la  Beche  in  the  Geological 
Transactions t,  and  subsequently  by  M.  de  Caumont  in  his  Essay  on  the 
Department  of  Calvados  J. 

S.  As  affording  remarkable  examples  of  violent  disturbances  which  have 
affected  all  these  strata  since  the  period  of  their  consolidation ;  producing 
elevations,  depressions,  fractures,  and  denudations,  connected  and  continuous 
with  those  which  have  operated  so  extensively  in  Purbeck  and  the  Isle  of 
Wight,  and  through  the  wealds  of  Sussex  and  Kent. 

We  shall  take  a  short  review  of  the  general  physical  features  of  this  district 
before  we  enter  upon  geological  details.  It  will  be  seen  by  reference  to  our 
map§,  which  is  on  the  same  scale  as  the  Ordnance  Survey,  that  the  physical 
features  of  the  coast  are: — 1.  On  the  east  a  range  of  high  cliffs  extending 
from  the  chalk  of  White  Nore  to  (he  flat  marsh  lands  of  Lodmore  near  Wey- 
mouth. 2.  The  marsh  lands  of  Lodmore,  divided  only  by  a  bank  of  pebbles 
from  the  waters  of  Wej/ mouth  Bay.  3.  A  low  range  of  cliffs,  extending  from 
Weymouth  Harbour  to  Portland  Ferry.  4.  The  remarkable  accumulation  of 
pebbles  called  the  Chesil  Bank,  extending  from  the  northern  extremity  of 
Portland  about  sixteen  miles  north-westward  to  Burton  Castle,  and  causing 
the  sea  to  be  separated  from  the  main  land  along  nearly  half  this  district  by  a 
backwater  called  the  Fleet.  5.  A  succession  of  cliffs  rising  gradually  from  Bur- 
ton towards  the  west  till  they  attain  their  highest  elevation  of  about  600  feet 
in  the  summit  of  the  Golden  Cap  Hill,  between  Bridport  and  Charmouth. 

The  physical  features  of  the  interior  divide  it  into  two  distinct  compart- 
ments, which  we  shall  call  the  Vale  of  Weymouth  and  the  Vale  of  Bredy. 

The  Vale  of  Bredy  is  bounded  on  the  north  and  east  by  lofty  escarpments  of 

*  Illustrations  of  the  Geology  of  Yorkshire,  by  John  Phillips,  Esq.  F.G.S.    York,  1829. 
f  Geological  Transactions,  Second  Series,  vol.  i.  Part  I.  p^  40 — 47. 

j;  Essai  sur  la  Topographic  GSognostique  du  Dipartement  du  Calvados,  par  M.  de  Caumont. 
Caen,  1828.  §  Plate  I. 
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the  chalk  downs;  on  the  south  by  Abbotsbury  Castle^  and  a  lower  range  which 
slopes  from  thence  continuously  to  Burton  Castle ;  on  the  west  it  is  separated 
by  some  hills  of  moderate  elevation  from  the  valley  of  Bridport. 

Of  the  Vale  of  Weymouth  the  following  are  the  three  most  prominent 
features : — 

1st,  The  loflty  escarpment  of  the  Ridgeway  which  bounds  it  on  the  north, 
running  nearly  in  a  straight  line  about  twelve  miles  from  east  to  west. 

Snd,  The  elevated  and  inclined  plane  of  limestone  which  constitutes  the 
Isle  of  Portland^  and  terminates  this  district  towards  the  south. 

3rd^  Between  this  elevated  Ridgeway  and  Portland  is  a  space  somewhat 
triangular^  composed  of  an  alternation  of  low  and  nearly  parallel^  narrow 
ridges  and  narrow  valleys^  which  are  terminated  successively  on  the  west  by 
the  Chesil  Bank,  and  on  the  east  by  Portland  Road  and  Weymouth  Bay ; 
these  all  diminish  in  length  successively,  as  their  position  is  nearer  to  the 
south,  until  the  most  southerly  of  them  terminates  in  the  sea  at  Portland 
Ferry. 

These  ridges  and  valleys  constitute  a  series  of  narrow  belts^  which  are 
crossed  nearly  at  right  angles  by  the  road  from  Dorchester  to  Weymouth ;  we 
shall  therefore  designate  these  belts  by  the  names  of  the  villages  that  stand 
upon  or  nearest  to  them :  thus  the  names  of  Upway,  Upway  Street,  Broad- 
way, Nottington,  and  Radipole,  will  indicate  five  successive  belts,  composed 
of  five  distinct  and  successive  formations;  namely,  Portland  stone,  Kimmeridge 
clay,  Oxford  oolite,  Oxford  clay,  and  forest  marble, — all  dipping  north  towards 
the  base  of  the  escarpment  of  the  Ridgeway  chalk :  nearly  in  the  centre  of 
this  belt  of  forest  marble  the  dip  changes  suddenly  towards  the  south ;  and 
the  same  succession  of  strata  is  repeated,  dipping  in  an  opposite  direction 
southwards,  and  disposed  in  corresponding  belts,  which  may  be  designated 
by  the  names  of  Melcombe,  Wyke  Regis,  Portland  Perry,  and  Portland 
Island.  The  formations  superior  to  the  Portland  beds,  if  they  exist  south  of 
the  island,  are  covered  by  the  sea  exterior  to  the  Bill  of  Portland.  At  the 
Race  of  Portland  the  agitation  of  the  water  is  caused  by  the  obstruction 
which  the  subjacent  mass  of  Portland  stone  offers  to  the  tidal  currents.  The 
line  of  section  fig.  I,*  exhibits  the  general  structure  of  this  district. 

The  forest  marble f^  with  its  clays  and  cornbrash,  constituting  the  lowest 
strata  which  rise  to  the  surface,  forms  a  double,  central  belt,  elevated,  as  Mr. 

•  Plate  II. 

f  The  forest  marble  and  cornbrash  are  so  closely  united  throughout  this  district,  that,  except 
in  cases  of  minute  local  description,  it  will  be  most  convenient  to  include  them  and  their  subor- 
dinate clays  under  the  common  appellation  of  forest  marble. 
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Conybeare  has  stated*^  into  the  form  of  an  arch  or  saddle^  on  each  side  of 
which  the  superior  strata  repose  in  corresponding  order  of  succession^  having 
their  dips  respectively  conformable  to  the  north  and  south  dips  of  the  sides  of 
the  arch^  whilst  their  direction  or  line  of  bearing  is  nearly  east  and  west^  and 
parallel  to  the  axis  of  this  central  arch.  Thus^  on  each  side  of  our  axis  or 
anticlinal  line  of  forest  marble^  the  Oxford  clay  reposes  conformably^  and 
constitutes  two  parallel  valleys^  which  extend  from  the  sea  in  Weymouth  Bay 
to  the  Chesil  Bank.  To  these  succeed  two  similar  parallel  ridges  of  the 
Oxford  oolite  formation^  which  are  again  overlaid  by  two  parallel  belts  of 
Kimmeridge  clay^  on  which  are  still  further  superimposed  two  distinctly  cha- 
racterized deposits  of  Portland  stone;  and  on  the  north  side  only^  above  the 
Portland  stone  we  find  strata  belonging  to  the  Purbeck  series^  to  the  green 
sand,  the  chalk,  and  plastic  clay. 

The  superficial  breadth  of  the  belts  on  each  side  of  the  anticlinal  line  is  in 
the  inverse  ratio  of  their  dip ;  and  as  this  dip  is  most  rapid  on  the  north  side, 
the  surface  of  the  northern  belts  is  less  broad  than  that  of  the  corresponding 
belts  on  the  south  side. 

Having  taken  this  general  view  of  the  structure  of  the  coast  of  Dorset^  we 
will  again  examine  its  component  parts  in  a  descending  order^  and  point  out 
in  regular  succession  the  history  and  peculiar  circumstances  of  each  forma- 
tion of  which  it  is  composed^  beginning  from  the  eastern  extremity  at  White 
Nore^  and  thus  connecting  it  immediately  with  the  observations  of  Mr. 
Webster. 

Tertiary  Deposits. — Plastic  Clay,  Sgc. 

It  is  well  known  from  the  maps  of  Mr.  Webster  f  and  Mr.  Greenough  J,  that 
the  tertiary  strata  which  fill  the  chalk  basin  of  Hants  and  Dorset  find  their 
western  termination  about  three  miles  east  of  Dorchester.  Between  this  ter- 
mination and  the  great  south-western  escarpment  of  the  chalk,  there  occur  in- 
sulated patches  of  the  same  tertiary  deposits,  and  many  large  blocks  of  pudding- 
stone  and  of  gray-wether  sandstone,  which  show  that  the  original  limits  of  the 
tertiary  formations  extended  far  beyond  their  present  outlines,  and  were  pro- 
bably almost  coextensive  with  the  chalk.  Thus  near  Came  Down  on  the  Ridge- 
way  about  four  miles  sou(h  of  Dorchester,  we  have  a  deposit  of  rounded  chalk- 
flint  pebbles,  resembling  the  round  tertiary  gravel  of  Blackheath,  near  Lon- 

*  Outlines  of  the  Geology  of  England  and  Wales,  by  the  Rev.  W.  D.  Conybeare,  F.G.S.  &c., 
and  William  Phillips,  F.G.S.  &c.,  pp.  182,  192. 

•|"  Geological  Transactions,  First  Series,  vol.  ii.  Plate  IX. 

;{;  Geological  Map  of  England  and  Wales,  by  G.  B.  Greenough,  Esq.  P.G.S.  1819. 
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don  :  and  at  the  summit  of  Black  Down^  six  miles  south-west  of  Dorchester^ 
which  forms  the  highest  hill  within  our  district,  we  have  a  considerable  series 
of  beds  of  similar  pebbles^  sand^  brick  earth,  and  plastic  clay*,  analogous  to 
the  outlying  fragments  of  the  plastic  clay  formation  which  crown  many  of  the 
highest  summits  of  the  downs  of  Wiltshire  and  Hampshire,  and  are  described 
in  Dr.  Buckland's  paper  on  Valleys  of  Elevation  f. 

Upon  the  high  table  land  of  chalk,  also,  on  which  this  plastic  clay  of  Black 
Down  rests,  we  have  numerous  blocks  of  siliceous  pudding-stone,  scattered 
over  the  surface  of  the  fields,  and  composed,  like  that  of  Hertfordshire,  of  a 
congeries  of  chalk  flints  imbedded  in  highly  indurated  siliceous  sand :  these 
blocks  also  contain  occasionally,  though  rarely,  a  few  angular  fragments  of 
chert  from  the  greensand  formation,  and  a  few  small  pebbles  of  white  quartz. 
The  chalk  flints  which  make  up  the  greatest  part  of  their  substance  are  not 
all  rounded,  as  in  the  Hertfordshire  pudding-stone,  but  for  the  most  part  are 
angular,  as  in  the  case  of  similar  insulated  blocks  which  occur  on  the  hills  of 
greensand  near  Sidmouth  ;  and  this  angular  condition  deserves  peculiar 
notice,  as  it  seems  to  connect  them  with  the  next  deposits  we  are  about  to 
mention,  some  of  which  may  possibly  be  referred  to  the  era  of  the  plastic 
clay  formation.  In  two  deep  and  steep  combs  excavated  in  chalk  on  the  west 
and  south  of  Black  Down  Hill,  viz.  at  Bride  Bottom  on  the  west,  and  at  Por- 
tisham  on  the  south,  these  blocks  of  angular  breccia  are  accumulated  as  thickly 
as  the  gray-wethers  in  Clatford  Bottom,  near  Kennet,  on  the  Marlborough 
downs  :  their  abundance  in  Bride  Bottom  has  caused  it  to  be  called  the 
Valley  of  Stones.  This  bottom  forms  the  upper  extremity  of  the  Vale  of  Bredy, 
where  it  contracts  into  a  deep  and  narrow  comb,  at  the  head  of  which  the 
blocks  are  spread  over  a  space  of  several  acres,  like  a  flock  of  sheep,  often  so 
close  together  that  a  man  may  leap  successively  from  one  to  another  of  them. 

On  the  south  side  of  the  plain  of  Black  Down  we  have  another  collection  of 
huge  blocks  of  the  same  breccia  in  the  steep  comb  which  descends  the  chalk 
escarpment  into  the  village  of  Portisham :  they  are  most  abundant  in  the 
village  itself,  where  they  lie  so  thick  that  they  partly  obstruct  the  street,  and 
when  they  occur  in  the  line  of  the  houses  the  walls  are  built  upon  them  : 
their  extreme  hardness  and  bulk  have  hitherto  prevented  their  removal  or 
destruction  by  the  hand  of  man.  In  the  street  at  West  Lulworth,  also,  similar 

*  These  strata  supply  materials  to  a  manufactory  of  bricks,  tiles,  and  coarse  pottery  that  is 
established  on  this  hill.  The  clay  exhibits  the  same  varieties  of  colour,  viz.  blood-red,  yellow, 
white,  and  black,  which  are  so  characteristic  of  the  plastic  clay  formation,  and  are  so  well  shown 
in  Alum  Bay  and  at  Reading. 

f  Gedlogical  Transactions,  Second  Series,  vol.  ii.  Part  I.,  p«  119 — 130x 
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blocks  of  the  same  stone  lie  in  the  line  of  the  front  of  some  cottages^  and  are 
built  into  the  walls.  In  Dr.  Kidd's  Geological  Essay^  p.  177^  a  similar  col- 
lection of  siliceous  boulders  is  described  as  scattered  over  a  dry  valley^  high 
up  on  the  chalk  downs  of  Berkshire^  near  Ashdown  Park^  on  the  south  of 
Swindon^  so  thickly  as  to  render  the  road  inconvenient^  even  to  a  foot  tra- 
veller. Although  these  blocks  have  been  entirely  separated  from  the  matrix 
in  which  they  were  formed,  they  are  very  slightly  rolled,  and  have  been 
drifted  but  to  a  small  distance  from  their  native  place. 

We  think  it  right  to  refer  to  the  action  of  water,  probably  in  more  than 
one  period  of  the  tertiary  formations,  certain  deposits  of  angular  gravel  which 
occur  on  the  summits  of  many  hills  within  our  district.  A  remarkable  ex- 
ample of  this  kind,  composed  of  an  admixture  of  unrolled  chalk  flints  with 
yellow  clay  and  sand,  is  seen  in  the  upper  margin  of  the  cliffs  at  White  Nore, 
where  it  forms  a  continuous  bed,  varying  in  thickness  from  two  to  twenty 
feet,  level  at  its  upper  surface,  but  extremely  irregular  below,  and  filling  up 
deep  holes  and  furrows  (puits  naturelles),  which  pervade  the  entire  surface 
of  the  subjacent  chalk. 

These  deposits  seem  due  to  the  effect  of  water  dissolving  the  chalky  matrix 
of  the  flints,  but  not  sufficiently  agitated  to  roll  them  into  pebbles,  nor  to 
move  them  from  the  spot  on  which  the  dissolution  of  the  chalk  had  taken 
place.  The  most  instructive  example  we  know  of  the  effects  of  this  dissolving 
operation  is  at  Dunscombe  Hill,  on  the  east  of  Sidmouth,  where,  on  the 
summit  of  a  ridge  of  chalk,  of  which  the  surface  is  furrowed  with  pits  and 
hollows  that  are  evidently  due  to  the  action  of  water,  we  find  an  unstratified 
mass  of  chalk  flints,  which  have  not  undergone  the  slightest  rolling,  piled  on 
each  other,  and  intermixed  with  loose  sand  and  clay ;  the  outer  portions  of 
this  mass,  from  which  the  rain  has  washed  away  the  sand  and  clay,  lie  loose 
and  hollow,  like  stones  in  an  artificial  barrow,  or  in  a  wall  constructed  without 
mortar.  It  is  scarcely  possible  to  explain  the  actual  state  and  position  of 
these  flints  but  by  supposing  that  the  chalk  in  which  they  were  formed  has 
been  gradually  dissolved  in  a  quiet  sea.  To  the  same  operation  of  quiet 
solution  we  must  also  refer  analogous  deposits  of  angular  chalk  flints  and 
yellow  clay  which  fill  the  irregular  and  deep  troughs  and  hollows  that  fringe 
the  upper  margin  of  the  chalk  in  the  cliffs  from  Lyme  to  Axmouth,  in  a 
manner  similar  to  that  we  have  described  at  White  Nore. 

Cavities  and  projections  of  this  kind  appear  to  be  universal  on  the  surface 
of  the  chalk  wherever  it  is  covered  up  with  any  kind  of  tertiary  strata,  and 
has  been  protected  by  them  from  the  levelling  effects  of  atmospheric  agents  ; 
in  all  these  cases  the  actual  surface  of  the  land  affords  no  indications  of  the 
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irregularities  which  exist  below :  but  however  rugged  be  the  subjacent  sur&ce 
of  the  chalky  its  irregularities  are  all  obliterated  and  filled  up  with  breccias 
and  gravel  beds^  presenting  on  their  upper  surface  a  smooth  and  continuous 
outline^  whilst  their  lower  surface  is  curved  and  dentated  downwards^  coifi- 
forroably  to  the  furrowed  curvatures^  and  ridges  and  pinnacles  that  fringe  the 
upper  surface  of  the  chalk  on  which  they  rest ;  the  existence  of  these  pits 
and  cavities  shows^  that  the  chalk  had  not  been  exposed  to  the  levelling 
effects  of  atmospheric  agents  before  the  deposition  of  these  breccias  and 
gravel  beds. 

The  water  which  formed  these  breccias  must  have  been  subject  to  very  irre- 
gular currents  and  agitations;  for  whilst  in  many  places  (such  as  those  last 
mentioned)  the  solution  has  been  conducted  in  perfect  tranquillity^  in  other 
spots  it  has  been  attended  or  followed  by  agitations  which  have  reduced  the 
flints  to  perfect  roundness^  as  in  the  Hertfordshire  pudding-stone  and  Black- 
heath  gravel ;  and  again^  in  other  cases,  there  is  evidence  of  an  intermediate 
state  of  action^  where  only  a  partial  rounding  of  the  fragments  has  taken 
place/as  in  the  partly  rounded  and  partly  angular  chalk  flints  which  form  a 
thick  bed  reposing  on  strata  of  greensand  on  the  summit  of  Haldon^  on  the 
west  of  Exeter. 

Another  variety  of  angular  gravel  occurs  in  many  beds  of  shivered  chert  of 
the  greensand  formation^  which  seem  to  have  undergone  a  certain  degree  of 
decomposition^  causing  them  entirely  to  break  to  pieces  and  crack  into  angular 
fragments^  and  become  converted  into  strata  of  loose  and  shivered  gravely  on 
which  no  mechanical  attrition  seems  to  have  been  produced  by  the  operation 
of  water^  but  the  fractures  have  resulted  from  the  splitting  to  pieces  of  the 
beds  of  chert  still  resting  in  their  natural  position.  A  remarkable  example 
of  this  kind  may  be  seen  in  the  cliffs  that  overhang  the  new  road  between 
Lyme  and  Charmouth^  and  also  on  the  summit  of  Abbotsbury  Castle.  In 
the  oolite  formation  also^  about  two  miles  west  of  Bridport^  a  similar  dislo- 
cation and  splitting  of  the  stone  has  converted  to  loose  breccia  the  upper  beds 
of  inferior  oolite  on  part  of  the  summit  of  Chideock  Hill.  This  is  the  only  case 
we  have  noticed  of  such  an  occurrence  in  the  oolite  of  the  coast  of  Dorset. 

It  is  not  easy  to  distinguish  between  these  undisturbed  beds  of  shivered  chert, 
and  accumulations  of  the  same  chert  which  have  been  very  slightly  agitated 
by  water,  except  in  cases  where  the  admixture  of  miscellaneous  fragments  of 
other  strata  shows  that  moving  water  has  operated  in  bringing  these  frag- 
ments to  their  present  position  amongst  the  chert.  There  is  also  a  difiiculty 
in  distinguishing  the  deposits  of  angular  breccia,  both  of  this  chert  and  of 
the  chalk  formation,  from  deposits  of  diluvial  gravel  which  have  been  removed 
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to  a  small  distance  only  from  their  native  place.  The  cliffs  at  Axmouth  and 
near  Sidmouth  exhibit  deposits  of  such  miscellaneous  diluvial  g;ravel^  resting^ 
on  red  marl^  and  adjacent  to  beds  of  uniform  and  angular  chalk-flint  breccia 
that  rest  on  the  chalk. 

These  deposits  of  breccia  on  the  coast  of  Dorset  seem  analogous  to  those 
which  are  found  in  Normandy^  reposing  on  the  similarly  corroded  surfaces  of 
the  chalky  and  which  occur  also  on  the  surface  of  other  formations  in  that 
part  of  France,  each  formation  respectively  being  often  covered  with  a  cap- 
ping of  loose  angular  fragments  composed  of  the  hardest  materials  of  the  sub- 
jacent strata.  According  to  M.  de  Caumont,  a  breccia  allied  to  the  plastic 
clay  formation,  and  composed  of  angular  chalk  flints  imbedded  in  red  clay, 
occasionally  attaining  the  thickness  of  80  and  100  feet,  occurs  in  the  valley 
of  the  Rille,  and  various  adjacent  paits  of  Normandy*.  M.  de  Caumont 
speaks  of  all  these  breccias  under  the  head  of  Diluvium, — falling  into  the  same 
common  error  with  many  other  Continental  geologists,  of  including  under  the 
term  Diluvium  many  pebble  beds  and  breccias  which  belong  to  the  tertiary, 
and  to  older  formations. 

Chalk. 

The  lofty  escarpment  of  chalk  which  bounds  our  fleld  of  observation  on 
the  north,  forms  the  margin  of  the  chalk  downs  of  the  southern  part  of  Dor- 
setshire, and  is  the  direct  continuation  of  the  south  frontier  of  the  great  chalk 
basin  of  Dorset  and  Hants.  Along  great  part  of  this  south  frontier,  from  the 
east  extremity  of  the  Isle  of  Wight  to  the  west  extremity  of  Purbeck,  and 
thence  to  the  cliffs  of  White  Nore,  where  we  enter  on  its  history,  Mr.  Web- 
ster has  shown  its  position  to  be  sometimes  absolutely  vertical,  but  for  the 
most  part  dipping  at  a  very  high  angle  northwards  towards  the  interior  of  the 
basin  f.  This  high  inclination  ceases  a  Uttle  east  of  the  promontory  of  White 
Nore,  where  the  chalk  suddenly  sweeps  round,  and  dips  at  an  angle  of  a  few 
degrees  only  to  the  north-east.  Along  the  range  of  its  escarpment  westward,  for 
nearly  twenty  miles  from  White  Nore  to  its  termination  at  Chilcomb  Hill,  on 
the  east  of  Bridport,  the  dip  is  almost  constantly  towards  the  north,  at  angles 
varying  from  10^  to  40^.  Its  mean  elevation  along  all  this  range  may  be  taken 
at  about  500  feet.     The  base  of  this  escarpment  appears  throughout  to  be 

*  See  sections  and  description  in  M.  de  Caumont's  Essai  sur  la  Topographic  Giognostique 
du  Calvados ;  and  De  la  Beche  on  the  Geology  of  the  North  Coast  of  France,  from  Fecamp  to 
St.  Vaast,  in  Geol.  Trans.  Second  Series,  vol.  i.  Part  I.  p.  73^^89. 

f  See  Sir  Henry  Englefield's  History  of  the  Isle  of  Wight,  Plate  50 ;  and  the  Geological 
Transactions,  First  Series,  vol.  ii.  Plate  XI. 
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composed  of  beds  of  Ihe  greensand  formation  ;  but  these  are  rendered  invi- 
sible in  the  greater  part  of  the  Weymouth  district,  in  consequence  of  a  fault 
which  runs  along  the  escarpment  for  nearly  ten  miles^  from  Poxwell  to  Abbots- 
bury,  and  brings  up  strata,  subjacent  to  the  greensand,  into  immediate  contact 
with  the  chalk :  this  fault  we  shall  hereafter  describe. 

The  promontory  of  White  Nore  is  the  last  point  in  the  South-west  of  Eng- 
land at  which  the  great  body  of  the  chalk  touches  the  sea;  those  insulated  por- 
tions of  this  formation  which  occur  in  the  cliffs  between  Lyme  and  Sidmouth 
being  only  detached  outlying  masses,  separated,  by  denudations  of  many  miles 
in  width,  from  the  south-west  termination  of  the  great  chalk  basin  of  Dorset- 
shire*. 

The  mineralogical  character  and  organic  remains  of  the  chalk  in  this 
district  present  nothing  unusual :  the  lower  strata  of  the  chalk  pass  into  hard 
chalk,  devoid  of  flints,  and  interspersed  irregularly  with  green  grains  of  sili- 
cate of  iron. 

Crreensand, 

The  strata  of  the  greensand  formation,  which  at  White  Nore  emerge 
from  beneath  the  lowest  chalk,  dip  conformably  with  it  to  the  north-east^  and 
attain  a  thickness  of  about  100  feet :  their  succession  in  a  descending  order 
is: — 1.  Chalky  glauconite,  composed  of  greensand  interspersed  with  cal- 
careous cement.  2.  Green,  yellow,  and  brown  sand,  alternating  with  irre- 
gular calcareous  concretions,  and  with  thick  beds  of  chert.  3.  Dark  argil- 
laceous greensand,  with  large  nodular  concretions,  equivalent  to  the  sandy 
concretions  called  cow-stone,  at  Lyme  Regis :  the  upper  subdivisions  of  this 
section  also  closely  resemble  some  of  those  exhibited  by  the  greensand  for- 
mation near  Lyme. 

We  are  unable  to  recognise  distinctly  in  this  district,  or  in  any  part  of  the 
coast  west  of  Weymouth,  those  regular  and  extensive  threefold  subdivisions  of 
fire-stone,  gault,  and  lower  greensand,  which  are  so  obvious  in  Hants,  Sussex, 
and  Kent;  although  an  approximation  to  the  character  of  fire-stone  may  be 
traced  at  White  Nore,  and  still  more  decidedly  in  Devonshire,  in  the  clifl*  and 
quarries  of  Beer  already  described  by  Mr.  De  la  Bechef . 

For  a  considerable  distance  near  White  Nore  and  Osmington  the  green- 
sand is  visible  at  the  base  of  the  chalk  escarpments,  dipping  always  conform- 
ably to  the  chalk;  but  along  the  great  escarpment  from  Poxwell  to  Abbotsbury 
it  is  seen  only  in  two  places,  namely,  near  Sutton  Pointz,  and  at  Bincombe, 
being  elsewhere  masked  by  the  Portland  stone^  which  the  great  fault  that 

^  See  Map,  Plate  I.  f  Geological  Transactions,  Second  Series,  vol.  ii.  p.  109. 
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runs  along  this  escarpment  brings  up  into  absolute  contact  with  the  chalk. 
At  these  two  places^  however^  its  thickness  is  so  great  as  to  leave  little  doubt 
that  it  continues  in  its  proper  place  beneath  the  chalky  to  the  west  extremity 
of  the  fault  near  Abbotsbury^  where  it  is  again  exposed^  and  forms  a  con- 
siderable feature  in  the  escarpment  of  White  Hill^  overhanging  the  village 
of  Abbotsbury^  and  projecting  thence  nearly  two  miles  westward  into  the 
summit  of  the  long  and  elevated  ridge  of  Abbotsbury  Castle.  From  Abbots- 
bury  Castle  it  turns  northward^  still  forming  the  sub-escarpment  of  the 
chalky  along  the  entire  east  and  north  frontier  of  the  Vale  of  Bredy.  It  ap- 
pears also  on  the  summit  of  Swyre  Knoll^  Hammerdon  Hill^  and  Shipton 
Beacon^  which  form  three  remarkable  outlying  hills  on  the  flanks  of  the  Yale 
of  Bredy,  and  in  much  greater  force  on  the  summits  of  the  insulated  hills  of 
Golden  Cap,  Hadden  Hill,  Stonebarrow  Hill,  Coneygore,  and  Conig  Castle 
near  Charmouth  ;  and  further  north,  on  the  lofty  tops  of  Lewsdon  Hill, 
Pillesdon  Hill,  and  Black  Down  near  Broadwindsor*.  In  the  escarpment  on 
the  north  of  Abbotsbury  we  have  a  distinct  section,  displaying  ledges  of  hard 
coarse  limestone,  loaded  with  grains  of  quartz  and  silicate  of  iron,  and  alter- 
nating with  thick  strata  of  chert;  a  little  further  west,  at  Abbotsbury  Castle, 
the  calcareous  matter  ceases,  and  is  replaced  by  strata  of  chert.  These  cal- 
careous and  cherty  strata  of  the  greensand  at  Abbotsbury,  afford  an  interest- 
ing object  of  comparison  with  those  in  the  neighbourhood  of  Lyme  Regis, 
described  by  Mr.  De  la  Beche  f,  as  well  as  with  those  at  White  Nore.  The 
occasional  presence  of  so  much  calcareous  matter  in  the  greensand,  seems 
to  justify  the  appellation  of  crate  chloritee,  given  by  the  French  to  the  upper- 
most strata  of  the  greensand  formation. 

The  greensand  in  our  Weymouth  district  is  found  to  overlie  and  repose 
successively  on  formations  of  different  ages ;  thus,  in  the  valley  of  Upton  on 
the  east  of  Osmington  it  rests  on  the  Purbeck  beds  J ;  in  the  south  escarpment 
of  Upton  Hill  towards  Ringstead  Bay,  on  Portland  stone  §  ;  on  the  west 
of  Osmington  Mill,  on  Kimmeridge  clay  || ;  at  Abbotsbury  Common,  on  a 
clay  which  is  probably  the  Oxford  clayf ;  at  Golden  Cap  Hill,  on  inferior 
oolite**;  near  Lyme  Regis,  upon  liasff ;  and  at  Axmouth  and  Beer,  upon 
red  marl^.  The  same  overlapping  disposition  of  the  greensand  has  been  ob- 

•  See  Map,  Plate  T.  t  Geological  Transactions,  Second  Series,  vol.  ii.  pp.  109,  &c. 

+  See  Plate  II.  fig.  2  &  3.  §  See  Plate  II.  fig.  2. 

II  See  Plate  II.  fig.  9.  ^  See  Plate  II.  fig.  6  &  7. 

♦•  Geological  Transactions,  Second  Series,  vol.  i.  Part  I.  Plate  VIII.  and  Plate  XIV.  No.  1.  In 
these  sections  the  inferior  oolite  was  omitted  by  mistake,  but  is  inserted  in  a  section  of  the  same 
coast,  in  PI.  III.  of  Mr.  De  la  Beche's  Sections  and  Views  Illustrative  of  Geological  Phaenomena. 

tt  Ibid.  Plate  VIII.  ++  Ibid.  Plate  XIV.  No.  2. 
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served  by  Mr.  De  la  Beche*  and  M.  de  Caumont  in  Normandy  f,  where  it 
overlaps  successively  the  formations  of  Kimmeridge  clay^  coral  rag;,  and  Ox- 
ford clay.  This  circumstance  derives  an  additional  importance,  at  the  present 
time^  from  the  recent  paper  of  M .  Elie  de  Beaumont^,  in  which  he  observes 
that  a  connexion  exists  between  the  elevation  of  mountains  and  succeeding 
deposits  of  extensive  overlapping  strata,  e.  g.  the  g^eensand  and  chalk  in 
the  Jura  mountains^  filling  the  longitudinal  valleys  produced  by  the  elevation 
of  the  oolites.  On  the  coast  of  Dorsetshire  no  elevation  of  the  strata  appears 
to  have  taken  place  between  the  deposition  of  the  lias  and  the  plastic  clay. 

Hastings  Sand^  and  Purbeck  Beds. 

Although  the  Wealden  or  Hastings  sands  do  not  enter  the  area  of  our 
actual  observation^  they  approach  very  near  to  its  eastern  extremity^  becoming 
gradually  thinner  in  their  progress  westward  through  the  Isle  of  Purbeck, 
until  they  terminate  a  little  west  of  Lulworth  :  this  has  been  already  pointed 
out  by  Dr.  Fitton  and  Mr.  Webster§. 

The  identity  of  this  Hastings  sand  with  that  of  Swanwich  Bay,  at  the  east 
extremity  of  Purbeck,  has  recently  been  further  confirmed  by  the  Rev.  T.  O. 
Bartlett's  discovery  of  the  remains  of  the  Iguanodon  and  other  reptiles  in  the 
iron  sandstone  at  Swanwich.  Bones  of  this  animal  have  also  been  recog- 
nised by  Prof.  Buckland  and  by  Mr.  Vine  in  the  same  sandstone  at  Sandown 
Fort,  and  other  places  on  the  south  coast  of  the  Isle  of  Wight. 

The  Purbeck  beds  enter  our  district  on  the  north-west  of  White  Nore,  but 
are  seen  only  in  two  small  insulated  patches  near  the  villages  of  Osmington 
and  Upway.  The  details  of  the  beds  composing  the  Purbeck  series  are  so 
fully  given  by  Mr.  Webster  ||,  that  it  is  here  superfluous  for  us  to  say  anything 
respecting  them,  further  than  that  several  of  their  most  remarkable  varieties 
are  recognised  and  wrought  even  to  their  final  termination  on  the  west  of 
Upway.  We  trace  also  throughout  this  district  the  remarkable  beds  of  fi- 
brous carbonate  of  lime  that  pervade  the  clay  which  alternates  with  the  beds 
of  limestone  throughout  the  Isle  of  Purbeck.  The  fibres  of  this  limestone, 
like  those  of  satin  spar,  are  at  right  angles  to  the  planes  of  the  beds  which 
they  compose,  and  which  vary  from  two  to  six  inches  in  thickness.  From 
the  resemblance  of  its  small  and  parallel  fibres  to  the  fibres  of  animal  muscle, 
this  limestone  is  known  among  the  workmen  by  the  name  of  "  Beef"  :  it 

♦  Geol.  Trans.  Second  Series,  vol.  i.  Part  I.  PI.  X.  f  Essai  sur  le  Top.  Geog.  PI.  VI. 

J  Ann.  des  Sciences  Nat.  vol.  xvii.  Sept.  1829.  §  Annals  of  Philosophy,  1824>  New 

Series,  vol.  viii.  p.  382 :  also  Sir  H.  Englefield's  History  of  the  Isle  of  Wight,  p.  194. 
II  Geological  Transactions,  Second  Series,  vol.  ii.  p.  36. 

c2 


12  Prof.  BucRLAND  and  Mr.  De  la  Beche  on  the 

sometimes  entirely  occupies  the  place  of  the  clay  between  the  limestone  beds 
of  this  formation.  One  of  the  most  important  points  in  the  g;eoIogical  history  of 
the  Purbeck  series^  is  the  occurrence  of  a  bed  of  oyster-shells  called  the  '^cinder 
bed/'  often  many  feet  in  thickness^  and  almost  wholly  composed  of  dark- 
coloured^  small  oyster-shells  in  the  midst  of  a  series  of  strata^  some  of  which 
contain  exclusively  shells  of  freshwater  formation,  and  others  an  admixture  of 
freshwater  shells  with  those  which  are  marine:  this  circumstance  has  been  duly 
noticed  by  Mr,  Webster  and  Dr.  Fitton  ;  and  although  we  cannot  infer  from 
it  the  return  of  the  sea  for  any  long  period  in  the  middle  of  the  Purbeck  for- 
mation^ yet  it  shows  that  the  district  it  occupies  could  not  have  been  a  lake  of 
pure  fresh  water,  but  was  probably  an  estuary  at  the  time  when  these  oysters 
occupied  its  bottom,  and  were  accumulated  to  the  thickness  of  many  feet 
over  a  distance  of  many  miles  ^. 

We  are  disposed  to  agree  with  Mr.  Webster,  and  to  adopt  more  confidently 
than  he  has  done  the  opinion  he  advances  with  respect  to  the  propriety  of 
referring  to  the  lower  region  of  the  Purbeck  series  the  beds  of  white  cal- 
careous slate,  usually  destitute  of  organic  remains,  which  occur  between  the 
undoubted  Purbeck  beds  and  the  Portland  stone ;  these  beds  resemble  the 
compact  varieties  of  Purbeck  stone,  which  are  devoid  of  shells,  and  which 
near  Lulworth  attain  a  thickness  of  from  60  to  100  feet.     In  Portland  the 


*  The  following  description  of  the  actual  state  of  the  lake  Menzale  at  the  mouth  of  the  Nile,  by 
a  modern  traveller,  is  higlily  illustrative  of  the  mode  in  which  living  animals  of  a  mixed  character 
are  associated  together  near  the  confluence  of  great  rivers  with  the  sea. 

"  The  lake  Menzale  is  only  five  miles  distant  from  Damietta.  I  should  judge  it  to  be  sixty-five 
miles  long,  and  fifleen  broad :  it  is  not,  properly  speaking,  a  maritime  lake,  but  formed  by  the 
increase  of  the  Damietta  branch  of  the  Nile ;  the  depth  is  from  three  to  five  feet,  and  on  pushing 
an  oar  to  the  bottom  I  have  observed  it  coated  with  the  common  mud  of  the  Nile  for  about  twenty 
inches  deep.  Along  all  the  length  of  the  lake  a  narrow  tongue  of  land  separates  it  from  the  sea, 
but  not  wholly :  there  are  four  passages  through  which  it  is  possible  for  barks  to  sail ;  through 
two  of  them  1  passed  with  a  good  deal  of  difficulty.  At  the  mouth  of  each  there  is  a  bar  of  sand, 
which  makes  the  passage  perilous  from  the  sea.  No  sea  or  lake  in  the  world  can  perhaps  boast 
of  the  same  quantity  of  fish  in  a  given  space  as  the  lake  of  Menzale. 

**  The  principal  sorts  of  fish  caught  here  are  the  Perca  Luth,  or  Lot's  perch ;  another  species  called 
kescher ;  the  charamoot  or  Silurus  anguillaris, — the  fin  is  said  to  be  poisonous ;  the  burra^  or  red 
mullet ;  the  kelp  el  bahr,  or  sea-dog ;  the  casheff,  or  Mormyrus  anguilloides  of  Linnaeus ;  this  I 
have  seen  weighing  thirty  pounds.  The  salmon  of  the  Nile  is  found  in  the  upper  part  of  Menzale 
weighing  from  80  to  100  pounds.  The  mixture  of  sea  and  river  water  in  the  lake  causes  it  to  be 
neither  salt  nor  sweet ;  so  that  both  river  and  sea  fish  are  to  be  found  here  in  equal  quantity :  but 
both,  in  my  opinion,  of  an  inferior  quality.  The  quantity  of  birds  which  cover  the  lake  is  pro- 
digious. Pelicans,  cormorants,  cranes,  and  herons  live  only  on  the  fish.'* — Madden* a  Travels  in 
Egypt,  ^c.  vol.  ii.  p.  171 — 175. 
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lowest  of  them  form  the  surface  of  the  island^  and  cover  the  true  Portland 
stone  with  a  deposit  of  freshwater  formation.  This  formation  presents  beds 
of  chert  containing  freshwater  shells^  near  the  Ridgeway  faulty  on  the  west 
side  of  the  road  from  Weymouth  to  Dorchester ;  and  also  beds  of  chert  con- 
taining chalcedonic  casts  of  minute  freshwater  shells^  at  the  water's  edge^  on 
the  east  side  of  Lulworth  Cove. 

Section  of  the  Dirt-bed  in  the  Isle  of  Portland. 


Calcareous  daU. 


JHrUetL 


Portland  ttone.  , 


FreshwattrJhmuUum, 


Andenijomi. 


Mimrmefarmatiion, 


We  consider  a  small  stratum^  called  by  the  workmen  '^Dirt-bed/'  to  be  by 
far  the  most  interesting  and  remarkable  deposit  in  this  district.  It  seems  to  be 
made  up  of  black  loam,  mixed  with  the  exuviae  of  tropical  plants^  accumulated 
on  the  spot  on  which  they  grew^  and  preserved  during  a  series  of  years^  in 
which  the  surface  of  the  Portland  stone  had  for  a  time  become  dry  land^  and 
accumulated  a  soil  of  about  a  foot  in  thickness^  composed  of  an  admixture  of 
earth  and  black  vegetable  matter^  interspersed  with  slightly  rounded  frag- 
ments of  stone^  which  Mr.  Webster  ascertained  to  be  from  the  lower  part  of 
the  Portland  series.  These  fragments  are  found  to  be  almost  coextensive 
with  the  dirt-bed^  and  the  fact  that  we  have  yet  found  with  them  no  admix- 
ture of  pebbles  derived  from  the  subjacent  oolites^  or  from  any  other  more 
ancient  rocks^  shows  that  no  violent  rush  of  water  from  any  distant  region 
took  place  during  the  period  in  which  these  pebbles  of  Portland  stone  were 
under  the  process  of  becoming  slightly  rounded. 

This  dirt-bed^  as  Mr.  Webster  has  stated,  forms  the  matrix  of  the  silicified 
trunks  of  very  large  coniferous  trees,  which  are  so  abundant  in  the  Isle  of  Port- 
land, and  are  found  there  coextensive  with  the  upper  surface  of  the  Portland 
stone.  Wherever  the  dirt-bed  is  laid  open  to  extract  the  subjacent  building- 
stone,  it  is  found  to  contain  these  silicified  trees  laid  prostrate,  partly  sunk 
into  the  black  earth,  and  partly  covered  by  the  superjacent  calcareo-siliceous 
slate  :  from  this  slate  the  silex,  to  which  the  trees  are  now  converted,  must 
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have  been  derived.  A  bed  of  snow  foiling  on  a  modern  peat-bog,  and  cover- 
ing the  upper  portion  of  prostrate  trees,  whose  lower  portion  has  been  sunk 
by  their  weight  into  the  substance  of  the  peat,  would  represent  the  position 
of  the  calcareous  slate  which  immediately  covers  these  fossil  trees  in  Portland ; 
some  of  them  extend  to  a  length  exceeding  thirty  feet,  and  bifurcate  at  their 
upper  end  ;  but  the  branches  are  not  continuous  to  their  extremities,  and  we 
find  no  traces  of  leaves.  The  leaves  and  small  branches,  and  exterior  parts 
of  the  trunks,  had  probably  decayed,  whilst  they  lay  exposed  to  air  on  the 
surface  of  the  peat.  Amid  these  prostrate  trees,  many  of  which  attain  three 
and  four  feet  in  diameter,  we  Bnd  silicified  stems  of  plants  closely  resembling 
the  modem  Cycas  and  Zamia :  these  have  been  described  by  Prof.  Buck- 
land  under  the  name  of  Cycadeoideie*,  and  are  important,  as  indicating  that 
the  temperature  in  which  they  grew  was  much  higher  than  that  of  our  pre- 
sent climate.  We  find  also,  at  nearly  the  same  intervals  at  which  trees  are 
found  growing  in  a  modern  forest,  an  assemblage  of  silicified  stumps  or  stools 
of  large  trees,  with  their  roots  attached  to  the  earth  in  which  they  grew. 
These  stumps  are  from  one  to  three  feet  long  :  they  are  mostly  erect,  whilst 
a  few  are  slightly  inclined.  The  black  earth  which  contains  their  roots 
seldom  exceeds  one  foot  in  thickness ;  the  upper  portions  of  the  stumps,  as 
represented  by  Mr.  Websterf,  project  upwards  into  the  substance  of  the 
superjacent  stone  (called  "soft  Burr"  and  "  Aish"),  which  gives  indication  of 
their  presence  by  hemispherical  concretions  accumulated  around  the  top  of 
each  stump  of  wood;^. 

Section  of  the  Cliff  east  of  Lailworth  Cove. 


In  the  highly  inclined  strata  of  the  cliff,  about  a  furlong  east  of  Lulworth 
Cove,  and  represented  in  the  above  sketch,  we  find  a  considerable  number 
of  these  silicified  stumps,  some  entirely  laid  bare  by  the  washing  of  the  sea, 
others  partly  exposed  and  partly  covered,  and  others  still  wholly  encased  with 

*  Geological  Tranuctions,  Second  Series,  vol.  ii.  Part  III.  p.  S95. 

t  Ibid.  vol.  ii.  Part  I.  PI.  6.  fig.  8,  4.  %  See  vood-cut  at  p.  13. 
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concretions  of  soft  burr^  and  all  having  their  roots  fixed  in  the  dirt-bed^  which 
occurs  here  also  of  the  same  thickness^  and  in  precisely  the  same  relative 
place^  and  interspersed  with  the  same  rounded  fragments  of  limestone  which 
it  contains  in  the  Isle  of  Portland  :  the  position  of  these  stumps^  at  an  angle 
nearly  of  45^  to  the  horizon^  affords  a  striking  proof  of  the  elevation  which 
the  strata  have  undergone.  We  find  the  dirt-bed  also  on  the  top  of  the 
Portland  stone^  in  the  sections  of  some  quarries  along  the  Ridgeway^  e.  g. 
near  Upway,  on  the  north  of  Weymouth,  and  at  the  western  termination  of 
the  Portland  stone  near  Portisham,  at  the  distance  of  twenty  miles  west  from 
Lulworth.  Dr.  Buckland  has  found  slight  traces  of  this  dirt-bed  on  the  upper 
surface  of  a  stratum  of  Portland  stone  in  the  quarries  about  two  miles  north 
of  Thame,  in  Oxfordshire  :  it  is  here  covered  by  a  few  feet  of  clay,  in  which 
he  found  no  other  animal  remains  than  fragments  of  some  Testudo,  too 
small  to  point  out  the  genus  to  which  they  belong.  The  recognition  of  this 
very  remarkable  bed  in  a  locality  so  distant  from  Portland  seems  to  indicate 
that  it  may  be  found  to  be  nearly  coextensive  with  the  Portland  formation 
throughout  England ;  and  it  well  merits  the  attention  of  future  observers  to 
search  for  it  in  the  Vale  of  Aylesbury,  and  in  the  two  localities  of  the  Port- 
land stone  intermediate  between  Oxford  and  Dorsetshire,  namely,  at  Swindon 
and  Tisbury.  The  probability  of  its  occurrence  at  Tisbury  is  increased  by 
the  recent  recognition  of  the  Cycadeoideae  at  this  place  by  Miss  Benett*. 
We  consider  this  dirt-bed  as  quite  decisive  in  forming  the  barrier  between 
the  Portland  and  Purbeck  formations :  its  deposition  must  have  proceeded 
during  a  considerable  period  of  time,  antecedently  to  which  the  districts  it 
occupies  were  entirely  submerged  beneath  the  sea,  and  subsequently  to 
which  the  waters  again  returned  to  overwhelm  them,  first  with  a  deposit 
of  about  1000  feet  of  the  semi-lacustrine  sediments  of  a  great  estuary  (in- 
cluding the  united  thickness  of  the  Purbeck  series  and  the  Wealden  sands 

*  Dr.  Fitton  has  discoyered  this  deposit  on  the  opposite  side  of  tlie  Channel  in  the  Bou- 
lonnois,  and  has  thus  described  it  in  the  Annals  of  Philosophy,  December,  1826.  "  Some  traces 
of  the  lowest  members  of  the  group  to  which  these  two  strata  (Weald  clay  and  Hastings  sand) 
belong,  and  which  is  remarkable  from  its  containing  throughout  the  remains  of  freshwater  shells, 
are  visible  on  the  summit  of  the  cliffs  between  Gris-nez  and  Equinen,  where  a  thin  bed  occurs  of 
somewhat  bituminous  clay,  abounding  in  silicified  wood,  the  cavities  of  which  are  coated  with 
minute  crystals  of  quartz.  This  bed  corresponds  precisely  to  that  which  exists  on  the  top  of  the 
Isle  of  Portland,  bearing  there  the  name  of  '  Dirt,'  and  abounding  in  similar  wood  ;  and  on  the 
French  coast  it  is  associated  with  beds  of  limestone,  different  from  the  stone  beneath,  and  contain- 
ing shells  in  great  numbers,  apparently  of  the  genera  Cyclas  and  Ampullaria."  Dr.  Fitton  has  also 
recognised  thin  fissile  beds  of  Purbeck  stone  containing  freshwater  shells,  e.  g.  Cyclas  and  Cypris, 
at  Whitchurch  in  Bucks. 
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and  clays),  and  afterwards  with  a  seriei;  of  marine  deposits  amounting  to  much 
more  than  1000  feet  of  greensand  and  chalk. 

Throughout  the  entire  succession  of  all  these  changes  there  is  no  evidence 
of  any  sudden  and  violent  disturbance  causing  either  elevation  or  depression 
of  the  Portland  stone,  or  of  the  subjacent  ooUtes.  The  present  high  incli- 
nation of  all  these  beds  is  uniformly  parallel  to  that  of  the  bedtt  of  Purbeck 
Btone,  greensand,  and  chalk ;  and  these  all  seem  to  have  been  raised  simul- 
taneously by  the  same  convulsion  which  elevated  the  axis  of  the  Weymouth 
district,  together  with  all  the  inclined  strata  in  Purbeck  and  the  Isle  of 

Wight. 

We  have  a  measure  of  the  duration  of  the  period  during  which  the  surface 
of  the  Portland  stone  continued  in  the  state  of  dry  land,  covered  with  forest^ 
in  the  thickness  of  the  "  Dirt  Bed,"  which  has  accumulated  more  than  a  foot 
of  black  earth,  loaded  with  the  wreck  of  its  vegetation.  The  regular  and 
uniform  preservation  of  this  thin  bed  of  black  earth  over  a  distance  of  so 
many  miles,  shows  that  the  change  from  dry  land  to  the  state  of  a  freshwater 
lake  or  estuary  was  not  accompanied  by  any  violent  denudation  or  rush  of 
water,  since  the  loose  black  earth,  together  with  the  trees  which  lay  prostrate 
on  its  surface,  must  inevitably  have  been  swept  away  had  any  such  violent 
catastrophe  then  taken  place*. 

*  Prof.  Henalow  in  the  summer  of  leSS  found  in  the  top  cap  of  the  Portland  stone,  imme- 
diately beneath  the  dirt-bed,  root-shaped  cavities  descending  from  the  bottom  of  the  dirt-hed  into 
the  subjacent  solid  stone ;  tliis  top  cap  should  seem,  therefore,  to  have  been  occupied  by  the 
roots  of  the  trees  which  grew  in  the  dirt-bed,  and  penetrated  the  Portland  stone  whilst  it  was  yet 
sofl  and  unconsolidated.  He  also  noticed  in  Portland  two  partial  and  very  thin  seams  of  black 
earth ;  the  uppennost  at  the  distance  of  fiye  feet,  and  the  lowermost  of  seven  feet,  below  the  dirt- 
bed  '.  these  seams  of  black  earth  are  important,  as  they  mark  two  short  intervals  during  which 
vegetable  matter  had  begun  to  accumulate  on  the  surface  of  the  soil  and  gradually  increasing  ma- 
terials of  the  uppermost  bcdx  of  the  Portland  stone,  whilst  they  were  just  rising  above  the  level  of 
the  sea.  The  incipient  bed  of  vegetable  matter  was  thus  twice  inti-rrupted  in  its  progress,  and 
buried  beneath  an  influx,  tiist  of  two  feet,  and  next  of  five  feet,  of  earthy  sediment,  before  the 
general  surface  on  which  the  true  dirt-bed  rests  had  been  raised  entirely  above  the  water. 


The   above    cut   represents  an  example   which   in  the  summer  of  1833  occurred  to  Prof. 
Henslow  in  the  Isle  of  Portland,  in  a  quarry  where  the  surface  of  the  burr  had  been  laid  hare. 
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Portland  Stone. 

As  the  details  of  the  component  beds  and  fossils  of  the  Portland  series 
have  been  sufficiently  described  by  Mr.  Webster  and  Mr.  Conybeare,  we  shall 

of  an  erect  stump  protruding  through  the  burr  stone  into  the  superior  stratum  called  Aish, 
analogous  to  that  represented  by  Mr.  Webster  in  his  section  of  the  Portland  beds  (Geol.  Trans. 
Second  Series,  vol.  ii.  p.  1.  Plate  VI.  fig.  3  and  4.),  and  which  the  workmen  stated  to  be  of  rare 
occurrence ;  this  superior  stratum  exhibited  to  Prof.  Henslow  two  or  three  of  those  conical  and 
dome-shaped  protuberances  which  so  generally  indicate  the  presence  of  stumps  of  trees  imme- 
diately beneath  them.  In  the  case  represented,  the  protruding  stump  being  longer  than  the  rest, 
the  burr  stone  was  not  deposited  in  sufficient  thickness  to  cover  it,  but  was  heaped  around  it  in 
two  circular  ridges,  with  intermediate  circidar  depressions.  From  these  appearances  we  may  infer 
that  a  state  of  great  tranquillity  attended  the  deposition  of  the  calcareous  sediment  of  which  the 
dome-shaped  caps  that  cover  the  shorter  stumps  were  formed  (See  Section  of  the  Dirt-bed, 
page  13.)  The  circular  ridges  and  depressions  which  surround  the  taller  stumps  (see  page  16,) 
seem  to  have  been  produced  by  an  interruption  of  the  undulations  on  the  surface  of  water  so 
shallow  that  the  waves  were  caught  and  broken  by  a  stump  but  four  feet  high,  whilst  they  passed 
over  the  shorter  stools  immediately  adjacent  to  them ;  these  interrupted  undulations  being  propa- 
gated first  downwards  and  then  outwards  along  and  around  the  stump  whose  top  was  high  enough 
to  obstruct  the  ripple  on  the  sur&ce  of  the  shallow  lake,  by  which  the  dirt-bed  was  gradually 
inundated. 

Here,  then,  we  have  proofs  of  a  tranquil  state  and  gentle  action  of  water  in  the  period  imme- 
diately succeeding,  as  well  as  in  that  which  preceded,  the  formation  of  the  dirt-bed,  upon  a  sur- 
face that  became  dry  land  during  a  short  time  intermediate  between  the  transition  of  the  district 
which  it  covers  firom  a  submarine  state  to  that  of  a  freshwater  lake.  The  rapid  possession  which 
in  our  modem  tropics  is  taken  by  the  Pandanus  or  Screw  Pine  and  Cocoa-nut  Palm  of  the  first 
banks  and  reefs  of  coral  islands  that  emerge  above  the  level  of  the  sea,  affords  an  example  of  the 
luxuriant  growth  of  vegetables  on  the  margin  of  land  just  rising  above  the  water,  analogous  to 
the  ancient  juxtamarine  forest  the  remains  of  which  contributed  to  the  formation  of  the  dirt-bed, 
in  the  region  which  has  now  become  the  southern  coast  of  Dorsetshire. 

With  respect  to  the  silicified  trees  Prof.  Henslow  makes  the  following  observations : — 

*'  From  what  I  saw  I  should  think  that  all  the  erect  stumps  must  have  suffered  considerable 
decay  before  they  had  become  imbedded,  or  at  least  fossilized,  in  the  burr.  They  consisted  of  no 
more  than  the  central  portion  of  the  wood  just  above  and  below  the  neck  of  the  trees,  which  had 
every  appearance  of  having  grown  in  the  places  which  they  still  occupy. 

'*  In  a  quarry  of  very  white  and  chalk-like  Portland  stone,  at  the  base  of  Chalbury  HUl,  near 
Preston,  I  found  a  cylindrical  mass  of  flint  ten  inches  in  diameter,  reposing  upon  a  soot-like  mass 
of  carbonaceous  matter,  probably  resulting  from  the  decomposition  of  leaves  and  bark,  and 
forming  an  envelope  to  the  lower  part  of  the  cylinder,  but  not  extending  beyond  it.  Upon  crack- 
ing off  as  much  of  this  cylinder  as  protruded  from  the  side  of  the  quarry,  I  perceived  the  central 
portions,  of  three  inches  in  diameter,  to  consist  of  fossilized  wood.  It  appears  to  me  most  pro- 
bable that  the  whole  cylinder  had  occupied  the  space  originally  filled  by  the  trunk  or  branch  of 
a  tree ;  but  that  during  the  process  of  its  becoming  silicified,  the  organic  structure  of  the  outer 
portions  had  not  been  impressed  upon  the  flint.  In  the  Isle  of  Portland  the  quarry-men  collect  a 
similar  black  vegetable  substance,  which  they  use  for  blacking." 

VOL.  IT. SECOND  SERIES.  D 
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only  refer  to  their  account  of  them*^  and  to  our  own  detailed  section  of  Black 
Nore  on  the  west  cliff  of  the  Isle  of  Portlandf*  We  have  little  to  add  to  what 
these  authors  have  published^  except  the  occurrence  of  bones  of  Saurians 
which  we  discovered  in  the  cliff  of  Black  Nore^  imbedded  in  compact  Port- 
land stone. 

We  have  stated  in  our  introduction  that  this  district  contains  two  distinct 
ranges  of  Portland  stone ;  one  constituting  the  table-land  of  the  Isle  of 
Portland^  dipping  southwards  beneath  the  sea^  and  rising  with  an  elevated 
escarpment  northwards  towards  the  bay  and  valley  of  Weymouth  ;  the  other 
constituting  a  long  and  narrow  line  of  elevated  hills^  parallel^  and  immediately 
subjacent^  to  the  chalk  escarpment  of  the  Ridgeway,  and  presenting  a  con- 
tinuous and  lofty  escarpment  towards  the  south.  In  fact^  these  hills  occupy 
the  position  which  in  districts  that  have  been  less  disturbed  is  usually  held  by 
the  sub-escarpments  of  the  greensand  formation,  where  it  emerges  regularly 
from  beneath  the  chalk :  such  are  the  escarpments  of  greensand  which  in 
Kent  and  Sussex  extend  from  Folkstone,  by  Coxheath,  Nutfield,  and  Leith 
Hill,  to  Godalming.  A  glance  at  our  map  will  show  that  along  the  northern 
frontier  of  the  Vale  of  Weymouth  this  ridge  of  Portland  stone  forms  a  con- 
tinuous band  from  the  east  extremity  of  our  district  near  White  Nore  to 
Portisham,  where  it  suddenly  terminates  in  the  great  fault,  and  is  found  no- 
where further  west  in  England.  Along  nearly  the  whole  of  this  tract  it  attains 
a  high  elevation,  rising  near  the  central  part  at  least  500  feet  into  the  lofty 
eminences  of  Preston  Hill,  Charlbury,  and  Bincombe  Hill :  at  these  three 
places  its  elevation  is  little  less  than  that  of  the  chalk  itself.  On  the  west  of 
Upway  it  forms  a  narrow  ridge  or  hog's  back  from  Upway  to  Portisham, 
known  by  the  name  of  Gorton  Hill  and  Waddon,  dipping  at  an  angle  of 
about  45^  to  the  north.  Although  these  Portland  beds  dip  thus  rapidly  to 
the  north,  through  great  part  of  the  range  now  under  consideration,  yet 
such  is  the  dislocation  and  elevation  they  have  suffered  along  the  line  of  the 
great  fault,  that  their  northern  margin  is  seldom  brought  into  contact  with 
any  other  strata  than  the  chalk.  On  the  west  of  Upway  this  line  of  contact 
is  marked  by  a  longitudinal  valley,  flanked  on  its  north  side  by  the  chalk 
escarpment,  and  on  its  south  side  by  the  upper  Portland  strata  of  Gorton 
Hill;]; :  thus,  the  Portland  beds  dipping  to  the  north  in  Gorton  Hill,  and  south 
along  the  fault,  form  a  trough  in  which  reposes  a  long  and  narrow  strip  of 
Purbeck  strata,  extending  more  than  a  mile  both  on  the  east  and  west  of 
Upway,  and  dipping  conformably  to  the  double  dip  of  the  subjacent  Portland 

*  Geological  Transactions,  Second  Scries,  vol.  ii.  p.  S7,  &c.     Outlines  of  the  Geology  of  En- 
gland and  Wales,  p.  172.  f  Plate  III.  fig.  S.  %  ^^  ^^P*  ^^^^  I- 
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stone.  The  sudden  and  total  disappearance  and  termination  of  the  Portland 
formation  at  Portishamj  seems  not  to  result  from  its  accidental  intersection 
at  that  place  by  the  great  Ridgeway  fault;  but  rather  from  the  tendency 
which  is  common  to  this^  with  most  other  great  formations^  to  terminate 
abruptly  where  they  are  accumulated  to  their  fullest  thickness ;  thus  we  find 
the  full  thickness  of  the  chalk  and  oolite  formations  exhibited  for  many 
hundred  miles  along  the  line  of  their  great  escarpments  throughout  England^ 
and  in  like  manner  the  full  Portland  strata  terminate  abruptly  in  the  Vale  of 
Weymouth :  they  reappear  and  again  terminate  with  equal  abruptness  in  the 
Vale  of  Tisbury^  and  exhibit  nearly  the  same  features  of  sudden  termination 
in  the  hills  near  Brill  and  Thame  in  Oxfordshire,  and  near  Aylesbury  and 
Whitchurch  in  Bucks. 

The  fact  of  the  interrupted  deposition  of  the  Portland  formation  in  En- 
gland^ occurring  as  it  does  only  in  the  limited  districts  just  mentioned^  and 
in  one  other  small  spot  at  Swindon^  is  analogous  to  the  interrupted  deposits 
of  other  strata^  particularly  the  most  recent  members  of  the  oolite  formation. 
We  know  not  the  cause  of  these  irregularities ;  the  fact  may  be  illustrated  by 
the  case  of  the  Kimmeridge  clay^  which  attains  at  Kimmeridge  a  thickness 
of  600  feet^  is  reduced  to  70  feet  near  Oxford^  disappears  entirely  in  some 
places  along  its  line  of  bearing,  and  again  resumes  its  strength  in  the  Vale 
of  Pickering,  and  near  the  coast  of  Yorkshire.  The  Portland  stone  has  not 
yet  been  identified  on  the  opposite  coast  of  Normandy,  but  M.  E'lie  de 
Beaumont  states  that  he  has  discovered  it  in  Burgundy*^  and  M.  Dufrenoy 
says  that  it  occurs  largely  in  the  vicinity  of  Angoulesmef*  We  think  it  pro- 
bable that  it  will  soon  be  recognised  among  the  great  calcareous  formations 
of  the  Alps  and  Apennines. 

Portland  SondJ. 

The  consolidated  and  calcareous  beds  of  the  Portland  stone  are  separated 
from  the  Kimmeridge  clay  by  the  interposition  of  a'  deposit  of  sand  and  marly 
sandstone  at  least  eighty  feet  thick^  exceeding  the  total  thickness  of  the 
Portland  stone  itself.  This  deposit  is  coextensive  with  the  Portland  stone 
throughout  nearly  the  whole  of  the  coast  of  Dorset,  and  is  well  exhibited  by 
a  vertical  section  near  Black  Nore,  on  the  west  clifi*  of  the  Isle  of  Portland, 
and  along  the  west  shore  from  Black  Nore  to  the  village  of  Chesilton.  Its  pre- 
vailing character  is  a  siliceous  sand,  so  abundantly  mixed  with  grains  of  green 
earthy  as  to  be  scarcely  distinguishable  from  the  lower  strata  of  the  green- 
sand  formation  near  Lyme  and  Seaton  :  it  also  contains  large  semicalcareous 

^  Ann.  des  Sciences  Nat.f  July  1829.  f  Annaks  des  Mines,  1829,  vol.  ii.  p.  434. 

t  See  PL  III.  fig.  1.  It.  0.  and  fig.  3. 


20 


Prof.  BucRLAND  and  Mr.  De  la  Beche  on  the 


concretions  resembling  the  cow-stones  in  the  lower  greensand  at  these  two 
places;  its  fossils^  however^  are  different^  and  more  allied  to  those  of  the 
oolite ;  and  its  position  beneath  the  Portland  stone  is  decisive  in  separating 
it  totally  from  the  greensand  formation.  We  have  adopted  for  this  stratum 
the  name  of  Portland  Sand^  being  that  suggested  by  Dr.  Fitton^  who  had 
ascertained  its  relation  in  the  Boulonnais  and  in  Buckinghamshire*. 

This  Portland  sand  is  of  sufficient  importance  to  be  marked  on  our  map  by 
a  distinct  colour  along  nearly  the  whole  extent  of  the  base  of  all  the  escarp- 
ments of  Portland  stone ;  its  mineralogical  resemblance  to  the  greensand  of 
Lyme  may  be  best  seen  at  Gorton^  about  two  miles  west  of  Upway^  where 
nearly  one  half  of  its  substance  is  made  up  of  grains  of  green  earth. 

The  following  list  of  fossils  from  the  Portland  sand  has  been  prepared  by 
Mr.  James  Sowerby^  from  specimens  we  collected  at  Black  Nore  and  Chesil- 
ton^  in  the  Isle  of  Portland^  and  at  Gorton. 


Serpula  plexuSf  M.  C.  598.  f.  1. 

Mya?  (PuUastra  of  Phillips),  only  a  cast. 

Trigonia  clavellaia^  M.  C.  87. 

Plicatula,  a  new  species,  occurs  at  Weymouth. 


Black  Nore. 

Pecten,  with  concentric  laminae. 

Exogyra  {Gryphcea)  nana^  M.  C.  383.  f.  3. 

Ammonites  triplex.  M.  C.  292,  293. 


Mya  ?  same  as  at  Black  Nore. 

Venus,  only  a  cast. 

Ostrea  Hemicyclus^  new  species. 


Ghesilton. 

Exogyra  nana. 

Ammonites  giganteusl  young,  M.  C.  126. 


Lucina?  a  fragment. 

Cardium,  small  fragment. 

Avicula  concentricaf  new  species,  very  abun- 
dant. 

Pinna  viminea^  new  species ;  found  also  at 
Down  Cliff,  Bridport,  in  inferior  oolite. 

Pecten,  with  concentric  laminse. 


Gorton. 

Plagiostoma  rusticum'i  M.  C.  381. 

Ostrea,  new  ? 

Anomia  ?  one  valve  imperfect. 

Belemnites,  fragment. 

Ammonites  giganteus  ?  Young,  or  possibly  A, 

Vemoni  of  Phillips :  it  is  much  crushed. 
Echinus  spines. 


The  prevailing  character  of  this  stratum,  along  the  whole  line  coloured  on 
the  north  side  of  our  map^  is  a  bed  of  siliceous  sand  and  green  earth.  It  is 
also  sandy  and  full  of  green  earth  at  the  village  of  Chesil ;  but  at  the  base  of 
the  high  west  cliff  of  Portland,  under  the  promontory  of  Black  Nore,  where 
it  attains  a  thickness  of  eighty  feetf^  it  is  mixed  with  marl,  and  exhibits 
subordinate  concretions,  and  beds  of  sandy  marl  and  sandstone,  both  contain* 
ing  the  same  fossils  that  are  found  at  Ghesilton  and  Gorton.  Its  lowest  beds 
become  more  argillaceous  as  they  approach  nearer  to  the  subjacent  Kim- 


^  See  Phil.  Mag.  and  Ann.,  May  1827,  vol.  i.  p.  139. 


t  See  PI.  III.  fig.  1  &  3. 
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meridge  clay ;  it  seems  to  form  a  connecting  link  between  the  Portland  stone 
and  Kimmeridge  clay ;  and^  as  has  been  observed  by  Mr.  Conybeare^^  is  pro- 
bably identical  with  the  beds  of  sand  and  green  earthy  full  of  large  boulder- 
shaped  semi-calcareous  concretions^  that  occur  in  Shotover  Hill^  near  Oxford^ 
between  Kimmeridge  clay  and  the  imperfect  upper  calcareous  Portland  beds, 
which  extend  from  Shotover  to  Brill  and  Thame  and  Aylesbury,  and  which 
also  are  occasionally  much  loaded  with  grains  of  green  earth.  Dr.  Fitton 
has  recognised  this  sand  beneath  the  calcareous  Portland  beds  at  Whitchurch 
in  Bucks :  it  occurs  also  in  the  same  position  in  the  Quainton  Hills ;  and 
Mr.  Lonsdale  considers  the  sand  which  forms  the  escarpment  close  on  the 
north  and  west  of  the  town  of  Swindon  to  be  also  identical  with  this  Portland 
sand  ;  the  calcareous  or  upper  Portland  beds  occur  also  beneath  and  a  little 
to  the  east  of  that  town.  In  the  Boulonnois^  Dr.  Fitton  describes  this  forma- 
tion as  consisting  of  calcareous  concretions  of  great  size,  as  in  Oxfordshire 
and  Bucks^  abounding  in  petrifactions^  and  imbedded  in  yellowish  somewhat 
ferruginous  sand ;  between  Gris-nez  and  Audreselles  the  shore  is  covered 
with  these  enormous  masses  fallen  from  the  sand  f . 

Kimmeridge  Clay. 

The  general  character  and  fossils  of  this  formation  have  been  already 
described  by  Conybeare  and  Phillips.  It  is  chiefly  composed  of  beds  of  slaty 
bituminous  clay^  interspersed  with  Septaria  and  beds  of  bituminous  marlstone. 
Near  its  middle  region^  in  Ringstead  Bay,  it  contains  thin  beds  of  marly 
sandstone,  full  of  well  preserved  organic  remains,  and  through  its  whole 
extent  it  is  loaded  with  deltoid  oysters^  which  are  well  known  to  be  its  most 
characteristic  shell  in  England  ;  it  contains  also  the  Gryphtea  Virgula,  which 
is  considered  characteristic  of  this  formation  in  France,  and  abounds  in  it  at 
Shotover  near  Oxford. 

Mr.  James  Sowerby  has  prepared  the  following  list  of  fossils  from  this 
marly  sandstone  in  Ringstead  Bay. 

A  carinated  Serpula. 
Mya  depressa,  M.  C.  418. 
Pholadomyai  near  PA.  obtuta. 
Venus? 
Cardium  ? 

Trigonia  elongata^  M.  C.  431. 
Modiola  Upartiia,  M.  C.  210.  f.  9,  4. 
-  ■    ,  a  amaU  boring  species. 


Pinna  granuUUat  a  small  fragment,  M.  C.  347. 
Osirea  deUoidea^  M.  C.  148. 
Terebratula  inconstans,  M.  C.  277.  f.  3,  4. 
Pleurotomaria  reticulata  (Trochus),  M.  C.  27S. 

f.  2. 
Ammonites,  species  between  A.  decipiens  and 

A»  mtUabiUs. 
Ammonites  rotunduSf  M.  C.  293.  f.  3. 


*  Oudines  of  the  Geology  of  England  and  Wales,  pp.  166,  173,  &c. 
t  Philosophical  Magazine,  1827,  New  Series,  vol.  i.  p.  139. 
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On  the  opposite  side  of  the  Channel  the  Kimmeridge  clay  occupies  the 
cliffs  of  Havre  and  Honfleur^  where  it  lies  next  beneath  the  greensand,  and  it 
has  been  further  identified  by  M .  Elie  de  Beaumont^  and  by  M .  de  Dufrenoy 
in  the  South  of  France.  This  formation  exhibits  its  best  sections  and  highest 
elevation  near  the  east  extremity  of  our  district  in  the  cliffs  of  Ringstead  Bay 
and  Osmington^  where  it  attains  a  thickness  of  about  300  feet. 

From  Osmington  Cliff  it  continues  v^estvvard^  without  interruption^  through 
Preston  and  Upway  Street  to  Abbotsbury,  forming  the  narrow  north  belt  of 
clay  which  we  have  named  from  the  village  of  Upway  Street.  Great  part  of 
this  belt  is  marked  by  a  valley  parallel  and  subjacent  to  the  ridge  of  Portland 
stone  above  described^  and  dividing  it  from  the  ridge  of  Oxford  oolite  which 
forms  its  southern  frontier :  this  belt  of  clay  terminates  suddenly  about  one 
mile  west  of  Abbotsbury.  In  the  Vale  of  Bredy,  the  covered  state  of  the 
country  renders  it  almost  impossible  to  distinguish  the  Kimmeridge  clay 
among  the  different  clay  beds  that  occupy  a  large  part  of  its  surface  ;  but  we 
have  identified  it  at  Litton  Cheney^  immediately  on  the  south  of  that  village, 
containing  the  Gryphcea  Virgtda. 

The  southern  belt  of  Kimmeridge  clay  near  Weymouth,  occupies  a  very 
small  portion  of  the  surface,  constituting  a  triangular  area,  the  base  of  which 
extends  about  a  mile  from  Sandsfoot  Castle  westward,  to  the  Chesil  Bank, 
whilst  its  apex  is  at  Portland  Ferry  :  but  although  so  small  a  portion  of  this 
belt  of  clay  is  here  visible  on  the  surface,  we  have  evidence  of  its  submarine 
continuation  from  hence  to  Portland  Island,  in  the  clay  bottom  of  the  excel- 
lent anchorage  of  Portland  Road,  beyond  which  also  it  appears  above  the 
level  of  the  sea  in  the  base  of  the  escarpment  at  the  north  extremity  of  the 
Isle  of  Portland,  and  along  its  west  shore  also  immediately  south  of  the  village 
of  Chesilton.  Hence  it  is  clear  that  the  Kimmeridge  clay  forms  the  fundamental 
stratum  of  the  whole  island,  separated,  as  we  have  shown,  from  the  Portland 
stone  by  the  Portland  sand  and  sandstone  last  described.  The  rapid  dip 
of  all  these  strata  towards  the  south,  causes  the  Kimmeridge  formations  to 
sink  below  the  level  of  the  sea  in  the  southern  portion  of  the  island ;  whilst 
that  part  of  its  western  coast,  whose  base  is  composed  of  these  perishable 
sands  and  clays,  is  defended  from  the  tremendous  south-western  waves  by  a 
natural  breakwater  of  enormous  masses  of  Portland  stone  that  have  fallen 
from  the  summit,  and  form  a  barrier  against  any  further  encroachments*. 

At  a  point  near  Portland  Ferry,  extending  over  many  yards  of  the  shore. 
Dr.  Buckland  remembers  to  have  seen,  several  years  ago,  a  portion  of  Kim- 

•  See  Plate  III.  fig.  5. 
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meridge  clay^  which  in  now  covered  up  with  sand^  and  which  at  that  time 
presented  the  appearance  of  slate  burnt  to  the  condition  of  red  tiles ;  we 
have  now  strong  reason  to  presume  that  such  combustion  may  have  taken 
place,  since  we  have  at  this  moment  before  our  eyes  the  pseudovolcanic  phe- 
nomena that  are  exhibiting  themselves  in  the  same  stratum  of  Kimmeridge 
day  near  the  east  extremity  of  Ringstead  Bay,  at  Holworth  Cliff,  adjacent  to 
the  promontory  of  White  Nore.  This  pseudovolcanic  combustion  began  in 
September  1826,  and  during  a  period  of  many  months  emitted  considerable 
volumes  of  flame,  probably  originating  in  the  heat  produced  by  the  decompo- 
sition of  the  iron  pyrites  with  which  this  shale  occasionally  abounds ;  in  the 
same  manner  as  in  the  year  1755,  a  spontaneous  combustion  arose  and  con- 
tinued during  several  years  in  the  bituminous  shale-beds  of  the  lias  in  the 
cliffs  at  Charmouth ; — we  have  a  description  of  this  circumstance  in  the  Che- 
mical Essays  of  Bishop  Watson  :  it  is  probable  that  in  each  case  rain-water 
acting  on  iron  pyrites  has  set  fire  to  the  bituminous  shale ;  thus  ignited,  it  has 
gone  on  burning  at  Holworth  unto  the  present  hour,  and  may  still  continue 
smouldering  for  a  long  series  of  years,  the  bitumen  being  here  so  abundant 
in  some  strata  of  the  shale,  that  it  is  burnt  as  fuel  in  the  adjoining  cottages  ; 
the  same  bituminous  shale  is  used  as  fuel  in  the  village  of  Kimmeridge,  and 
is  there  called  Kimmeridge  coal. 

This  pseudovolcano  at  Holworth  commenced  in  the  face  of  the  cliffs  about 
twenty  feet  above  the  sea ;  its  combustion  was  proceeding  feebly  when  we 
saw  it  in  September  1829,  and  it  emitted  no  flame ;  there  was  no  appearance 
of  any  crater,  nor  has  there  ever  been  any  kind  of  explosion.  The  extent  of 
the  surface  of  clay  which  has  been  burnt  does  not  exceed  fifty  feet  square. 
Within  this  space  are  many  small  fumaroles  that  exhale  bituminous  and  sul- 
phureous vapours,  and  some  of  which  are  lined  with  a  thin  sublimation  of 
sulphur ;  much  of  the  shale  near  the  central  parts  has  undergone  a  perfect 
fusion,  and  is  converted  to  a  cellular  slag.  In  the  parts  adjacent  to  this 
ignited  portion  of  the  cliff,  where  the  effect  of  fire  has  been  less  intense,  the 
shale  is  simply  baked  and  reduced  to  the  condition  of  red  tiles,  like  that  on 
the  shore  near  Portland  Ferry.  Should  a  similar  ignition  ever  take  place  in 
the  cliffs  at  Kimmeridge,  which  are  so  much  more  abundantly  impregnated 
with  bitumen,  the  fire  may  be  propagated  there  for  centuries,  until  the  whole 
of  the  bitumen  is  consumed. 

Coralline  or  Oxford  Oolite,  and  Calcareous  Chrit. 

The  general  thickness  of  this  formation  near  Weymouth  is  about  150  feet. 
It  contains  beds  of  oolitic  limestone  resembling  the  oolite  of  Heddington, 
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Calne,  and  Scarborough^  and  in  the  sandy  beds  of  its  lower  region^  the  same 
huge  semi-calcareous  concretions  that  occur  in  the  calcareous  grit  of  Wilts 
and  Oxon.  The  corals  which  abound  in  this  formation^  in  the  two  last- 
named  counties^  and  which  there  give  it  the  name  of  Coral  Rag,  are  rare  on 
the  coast  of  Dorsetshire^  just  as  reefs  of  modem  corals  occur  at  unconnected 
intervals  in  our  modern  tropical  seas.  In  the  Annals  of  Philosophy*  Prof. 
Sedgwick  has  published  a  list  of  the  beds  composing  the  cliffs  between 
Portland  Ferry  and  Weymouth  Harbour^  and  of  the  principal  organic 
remains  which  they  contain  :  he  divides  the  whole  series  into  nine  groups, 
which,  in  the  following  section,  we  have  subdivided  further  into  thirty-one 
beds,  included  between  the  Kimmeridge  clay  at  the  top,  and  the  Oxford  clay 
at  the  bottom,  of  the  whole  series. 

Section  between  Portland  Ferry  and  Wofmouth. — (Order  descending.) 


1 .  Considerable  thickness  of  K  immeridge  clay, 
containing  an  abundance  of  the  Ostrea 
deltoidea.  At  about  fifteen  feet  above 
No.  2,  clay  iron-stone  two  feet  thick — 
partly  in  nodules. 

S.  Brownish  red  bed,  about  six  feet — ^lime- 
stone with  small  vesicles  at  top,  gritty  at 
bottom — cylindrical  and  round  concre- 
tions of  iron — contains  deltoid  oysters, 
Serpulae,  Pectines,  Belemnites,  and  lig- 
nite. 

d.  Grey  grit,  full  of  concretions  resembling 
the  stalks  of  Alcyonia,  and  crossing  one 
another  horizontally  like  a  mass  of  en- 
tangled and  inosculating  roots ;  the  ex- 
posed surface  is  ferruginous. 

4.  Grey  marl-clay. 

5.  Ferruginous  bed,  with  eagle-stones:   at 

first  about  one  foot  thick,  afterwards 
swells  out  considerably  under  Sandsfoot 
Castle.     Lima  rudis  ?  abundant. 

6.  Sandy  grey  and  green  marl — contains  a 

continuous  bed  of  deltoid  oysters — also 
lignite. 

7.  Grit  bed, — brown  grey,  Alcyonium-shaped 

concretions — ^Trigonise  abundant— one 
foot.    Clay  parting. 
&  Grit  bed, — Trigoniae  abundant;  clay  part- 
ing. 


9.  Grit  bed, — ^Trigoniae  and  Melania  Hed- 
dingtoniensis  abundant. 

10.  Grit  bed, — Trigoniee  abundant:  the  Tri- 

goniae  fill  more  than  half  of  the  beds 
Nos.  7,  8,  9,  &  10. 

11.  Grey  marl. 

12.  More  compact  grit — few  shells. 

13.  Same  as  No.  10. 

14.  Grit. 

15.  Grit,  with  MelanisB. 

16.  Grey  marl,  about  four  feet. 

17.  Sandy  bed. 

18.  Limestone  full  of  broken  shells. 

19.  Grit. 

20.  Dark  grey  sandy  clay,  four  or  five  feet. 

21.  Light  brown  oolite, — jointed  Ammonite 

— -joints  filled  by  homstone.  jimm.  ver- 
tehralis  ? 
Z%^  Grey  marl,  five  feet. 

23.  Oolite,  three  feet — ^marl  parting. 

24.  Oolite,  one  foot. 

25.  Gritty  marlstone. 

26.  Grey  marlstone  and  marl,  tending  to  con- 

cretions, twenty-five  feet. 

27.  Fox-coloured  sands,  twelve  feet. 

28.  Grey  marl,  twenty  feet. 

29.  Alternations  of  calcareous  grit  and  marls, 

eighteen  feet ; — Pectines,  oysters.  Nau- 
tili, Trigonis,  Serpulse. 


^  Annals  of  Philosophy,  May  1826,  p.  346. 
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SO*  Oolitic  grit, — Trochus,  Pecten — three  beds 
alternating  with  marl. 

31.  Brown,  reddish  grit— oysters  abundant, — 
Pectines,  Ammonites,  Gryphcea  dilatata^ 
G.  hullata  ?  Trigonise. 

3Z.  Yellow  brown  ^ndy  grit,  forty  feet, — 
Gryphita  dilatata^  oysters,  sharp-keeled 
Ammonite,  other  Ammonites,  Pectines, 
Nautili :  the  hard  beds  contain  concre- 
tions resembling  a  mass  of  entangled 


stems  of  Alcyonia.  Prof.  Sedgwick  has 
shown  the  resemblance  of  these  beds  to 
those  of  the  same  formation  near  Filey 
Bridge  and  Scarborough  Castle,  where 
the  sandstone  is  similarly  aggregated  into 
irregularly  branching  cylindrical  concre- 
tions. 
33.  Oxford  clay,  abounding  in  Gryphcea  dila" 
tata. 


It  appears  from  this  section,  that  the  Oxford  oolite  formation  is  composed 
of  alternations  of  imperfectly  oolitic  limestone  and  calcareous  grit,  with  nume- 
rous partings  of  clay.  The  superior  beds  are  loose  and  sandy,  and  may  be 
considered  analogous  to  the  upper  calcareous  grit  in  Yorkshire,  described  by 
Mr.  Phillips ;  they  are  best  seen  near  Sandsfoot  Castle,  where  the  uppermost 
of  them  contain  deltoid  oysters,  and  become  gradually  more  argillaceous  until 
they  pass  into  Kimmeridge  clay  :  the  central  beds  are  the  most  oolitic,  some- 
times loose  and  sandy,  and  at  other  times  compact  and  in  continuous  beds :  they 
are  most  oolitic  at  the  village  of  Wyke  Regis  and  in  the  cliffs  near  Osmington, 
at  both  which  places  they  afford  a  light-coloured  building-stone,  which,  but 
for  the  vicinity  of  Portland,  might  have  been  applied  to  purposes  of  architec- 
ture. In  the  cliffs  west  of  Wyke  Regis,  they  show  the  same  oblique  cleavage 
which  is  so  common  in  oolitic  strata.  Thus 


M.  Boblaye,  in  his  paper  on  the  Jura 
Formation  in  the  North  of  France  *,  no- 
tices that  in  the  great  oolitic  quarries  of  Ballon  near  Stenay,  lines  of  false 
division  cross  the  true  stratification  at  angles  of  45^  or  50^  Examples  of  the 
same  kind  are  seen  in  the  Oxford  oolite  quarries  at  Heddington,  and  in  the 
forest  marble  and  great  oolite  along  the  road  from  Cirencester  to  Bath; 
similar  partings  occur  also  in  the  new  red  sandstone  at  Bridgenorth,  but  in 
a  manner  much  more  complicated,  and  crossing  the  true  strata  in  all  possible 
directions. 

Beneath  these  central  oolitic  beds,  strata  of  semi-calcareous  sand  and  cal- 
careous grit  prevail,  and  display  alternations  of  sand  and  sandy  loam,  with 
continuous  beds  of  calcareous  grit  and  beds  of  large  concretions  lodged  in 
strata  of  sand.  The  entire  thickness  of  these  calcareous  grit  beds  with  their 
largest  concretions,  is  best  exhibited  in  Ham  Cliff,  about  three  miles  north- 
east of  Weymouthf .    In  the  hill  immediately  on  the  west  of  Weymouth,  the 


*  Ann.  des  Scien.  Nat,  Mai  1829. 
VOL.  IV.  SECOND  SERIES. 


t  See  Pkite  11.  fig.  8. 
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sandy  loam  beds  of  this  formation  afford  an  useful  brick  earth.  The  passage 
of  the  lowest  strata  into  Oxford  clay  is  indicated  by  the  presence  of  the  Gry- 
phcea  dilatata  in  the  beds  of  grit^  and  this  passage  is  analogous  to  that  which 
occurs  at  Heddington  Hill  near  Oxford ;  but  the  presence  of  an  upper  cal- 
careous grit  and  gradual  passage  of  the  superior  strata  at  Weymouth  into 
Kimmeridge  clay,  show  a  more  perfect  development  of  this  part  of  the  oolite 
formation  in  Dorset  than  in  Oxfordshire.  In  the  sections  at  Heddington  the 
upper  grit  is  wanting,  and  the  Kimmeridge  clay  reposes  immediately  on 
the  oolitic  building-stone:  the  surface  of  this  stone  is  also  guttered  over  and 
furrowed  with  water-worn  cavities  and  small  rock-basins,  marking  a  destruc- 
tive action  of  the  sea  before  the  deposition  of  the  Kimmeridge  clay  :  this 
water-worn  surface  of  the  oolite  is  also  decomposed  and  become  rusty  to  the 
depth  of  about  a  foot,  in  a  manner  unusual  where  the  series  of  depositions 
has  been  regularly  continuous,  and  its  decomposition  seems  to  have  resulted 
from  long  exposure  to  water  before  the  laying  on  of  the  Kimmeridge  clay. 
These  circumstances  are  duly  noticed  by  Conybeare  and  Phillips*. 

All  the  beds  of  the  Oxford  oolite  formation  near  Weymouth  are  loaded 
with  shells  similar  to  those  found  in  the  same  formation  in  Wiltshire,  Oxford- 

*  Outlines  of  the  Geology  of  England  and  Wales,  p.  189,  note. 

Prof.  Sedgwick,  in  his  comparison  of  the  appearance  of  the  coral  rag  formation  near  Scar- 
borough and  Weymouth  with  that  of  Oxford  (Ann.  of  Phil.,  May  1826),  conjectures  that  the 
upper  portions  of  the  Scarborough  and  Weymouth  sections  may  be  wanting  near  Oxford,  and  that 
the  coral  rag  and  freestone  of  Heddington  together,  represent  the  central  group  of  the  Weymouth 
and  Steeple  Ashton  sections :  thus,  at  its  two  extremities  in  the  coast  of  Dorset  and  Yorkshire, 
the  superior  members  of  tliis  formation  are  most  fully  developed,  whilst  they  are  wanting,  and 
have  been  apparently  removed  from  the  central  part  of  their  range  near  Oxford.  We  entirely 
agree  with  Prof.  Sedgwick  in  these  remarks,  and  in  the  consequences  which  he  draws  as  to 
the  imperfection  of  the  type  of  this  formation  near  Oxford  :  the  whole  of  this  subject  has 
been  fully  illustrated  by  Mr.  Phillips  in  his  excellent  work  on  the  Coast  of  Yorkshire,  and  still 
more  recently  by  Mr.  Lonsdale  in  his  valuable  paper  on  the  Oolite  District  near  Bath  (Geol. 
Trans,  vol.  iii.  Part  II.  p.  262),  in  whi'^h  he  gives  a  section  of  the  Oxford  oolite  formation  at 
Highworth,  where  the  upper  members  aic  .  \,.esented  by  about  seven  feet  of  alternating  beds  of 
sand  and  rubbly  oolite,  or  oolitic  calcareous  grit :  he  also  shows  that  near  Steeple  Ashton  the 
superior  beds  appear  under  the  form  of  ten  feet  of  sand,  resting  on  ten  feet  of  ferruginous  clay 
interspersed  with  oolitic  grains  of  hydrate  of  iron.  Some  bones  of  a  Plesiosaurus  have  been  found 
in  this  clay  by  Mr.  Mead. 

According  to  M.  de  Caumont,  a  similar  alternation  of  strata  of  sand  and  calcareous  sandstone, 
with  beds  of  clay  and  of  imperfect  oolitic  limestone,  affords,  on  the  coast  of  Normandy,  a  group 
corresponding  with  the  upper  calcareous  grits  of  Weymouth  and  the  coast  of  Yorkshire,  interposed 
.  between  the  Kimmeridge  clay  and  the  coral  rag.  (See  M.  de  Caumont*s  Sectional  Lists  of  the 
CliiFat  Hennequeville ;  of  the  Hillof  Glos  near  Lisieux;  and  of  St.  Julien-sur-Calone  near  Pont 
VEveque.  pp.  113,  114,  115.) 
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shire^  and  Yorkshire.  The  Trigonia  clavellala  and  Melania  Heddingtoniensis 
are  among  the  most  abundant. 

Another  feature  which  is  wanting  in  Oxfordshire^  is  the  highly  ferruginous 
character  which  this  oolitic  formation  assumes  near  Weymouth^  particularly 
in  its  upper  beds  immediately  below  the  Kimmeridge  clay ;  the  same  fer- 
ruginous character  prevails  also  in  other  parts  of  its  course  through  this 
district^  and  very  remarkably  in  the  hills  near  Abbotsbury.  In  a  ravine  called 
the  Red  Lane^  immediately  north  of  that  village^  the  oolitic  grains  are  com- 
posed of  a  rich  hydrate  of  iron,  which^  if  the  country  afforded  fuet  might 
be  wrought  as  an  ore  of  the  same  quality  with  that  which  supplies  so  many 
iron-foundries  in  France^  from  a  similar  granular  ore  in  the  oolite  formation. 

The  extent  of  surface  occupied  by  the  Oxford  oolite  and  its  subordinate 
grits  in  the  valley  of  Weymouth,  will  best  be  seen  on  the  Map  ;  it  forms  two 
parallel  belts  of  unequal  breadth  and  length,  subjacent  to  the  two  beds  of 
Kimmeridge  clay  before  described^  and  reposing  on  two  other  parallel  belts 
of  Oxford  clay  ;  these  oolitic  belts  terminate  in  two  ridges,  overhanging  the 
Oxford  clay,  with  two  escarpments  that  face  towards  each  other ;  the  most 
southerly  of  them  extends  nearly  two  miles  west,  from  the  town  of  Weymouth 
to  the  Fleet  at  Linch,  and  is  about  one  mile  broad ;  the  northern  ridge  and 
its  escarpment  occupies  a  length  of  twelve  miles,  from  the  cliifs  of  Osmington 
to  the  sea  at  Abbotsbury,  terminating  in  an  escarpment  towards  the  south, 
which  presents  its  highest  inland  elevation  in  Linton  Hill  near  Abbotsbury. 
In  no  part  of  its  course  does  it  much  exceed  half  a  mile  in  breadth,  excepting 
at  its  western  termination  near  Abbotsbury,  where  it  widens  to  about  a  mile, 
from  the  effect  of  the  great  fault  hereafter  to  be  described  ;  here  also  it 
changes  its  dip  from  north,  first  to  east,  and  then  to  south,  bending  round  and 
enlarging  itself  like  the  bowl  of  a  spoon,  whose  handle  is  represented  by  the 
long  ridge  of  Linton  Hill,  just  mentioned.  The  towers  of  St.  Catherine's 
Chapel  at  Abbotsbury,  and  of  Wyke  Regis  Church,  are  two  remarkable  land- 
marks, placed  respectively  near  the  western  termination  of  the  northern  and 
southern  belts  of  oolite  just  described,  and  serve  as  points  by  which  their 
course  may  be  recognised  from  the  Dorchester  road  and  hills  adjacent  to  it 
near  Weymouth.  In  the  Vale  of  Bredy,  the  oolite  occurs  only  in  a  very 
narrow  band,  extending  about  a  mile  from  east  to  west,  from  Kingston  House 
to  the  village  of  Litton  Cheney ;  it  is  seen  only  in  a  few  old  quarries  near 
these  two  places,  and  in  a  hollow  way  at  Litton  Cheney,  where  it  appears 
much  disturbed  by  a  fault,  and  brought,  as  at  Abbotsbury,  almost  into  close 
contact  with  the  base  of  the  escarpment  of  the  chalk. 

e2 
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Oxford  Clay, 

The  Oxford  clay  in  this  district  attains  a  thickness  of  about  300  feet^  and 
reposes  immediately^  and  with  conformable  dip^  on  the  central  arch  of  corn- 
brash  and  forest  marble ;  on  the  south  side  of  this  arch  it  forms  a  belt  of  low 
ground  about  a  mile  broad^  extending  from  M elcombe  Regis  and  Weymouth 
Bay  to  East  Fleet.  It  winds  round  the  eastern  extremity  of  the  forest  marble 
at  the  Barracks^  and  the  marsh  of  Lodmoor^  and  thence  extends  westward 
along  the  north  side  of  the  central  arch^  forming  a  valley  of  less  than  half  a 
mile  in  width,  to  the  Decoy  and  Swanery  at  Abbotsbury,  where  it  terminates 
in  the  Chesil  Bank.  Its  eastern  termination  is  seen  in  the  lowest  strata 
at  the  base  of  Jordon  Hill  and  Ham  Cliff,  about  three  miles  north-east  of 
Weymouth*. 

A  distinct  section  of  this  stratum  occurs  in  a  low  cliff  under  the  Barracks 
at  Radipole,  where  it  dips  south  at  about  20^,  and  where,  till  lately,  it  pre- 
sented, at  low  water,  a  pavement  of  large  and  beautiful  Septaria,  known  pro- 
vincially  by  the  name  of  Turtle  Stones.  The  veins  of  these  Septaria  are  filled 
with  yellow  semi-transparent  calcareous  spar,  often  passing  into  a  rich  deep 
brown  colour:  their  beauty,  when  polished,  has,  within  these  few  years, 
caused  the  greater  part  of  them  to  be  taken  up  and  manufactured  into  slabs 
and  tables. 

In  this  same  section  at  Radipole  Barracks  large  Ammonites  and  other 
shells  abound.  The  most  characteristic  shell  is  the  Chypfuca  dilatata,  which 
is  as  universally  abundant  in  the  Oxford  clay  throughout  this  district,  as  the 
deltoid  oyster  is  in  the  Kimmeridge  clay.  In  consequence  of  the  want  of 
sections,  we  have  not  attempted  to  trace  the  minute  details  of  this  clay  in  its 
windings  through  the  Vale  of  Bredy,  in  which  it  forms  a  marginal  band  round 
the  eastern  and  northern  frontier  of  the  forest  marble.  On  the  opposite  coast 
of  Normandy  this  same  Oxford  clay  occurs  at  Vaches  Noires,  and  abounds 
with  the  Chypfuea  dUatata,  and  many  other  fossil  shells. 

Forest  Marble. 

The  formations,  which,  for  convenience  of  description  we  have  united 
under  the  name  of  Forest  marble,  and  which  are  the  lowest  that  occur  in  the 
Vale  of  Weymouth,  admit  of  a  three-fold  division  ; — 1.  Cornbrash;  2.  Forest 
marble  ;  3.  Clay,  and  marlstone. 

1.  The  uppermost  region,  or  cornbrash,  is  composed  of  a  loose  rubbly 
limestone,  alternating  with  thin  beds  of  clay  and  marl,  and  is  so  absolutely 

•  See  Plate  II.  fig.  8. 


Geology  of  the  Neighbourhood  of  Weymouth,  ^c.  29 

identical^  both  in  its  mineral  characters  and  abundant  organic  remains^  with 
the  cornbrash  of  Wiltshire,  that  no  further  description  need  be  given  of  it 
than  may  be  found  in  Conybeare  and  Philh'ps's  account  of  Combmsh*. 

2.  The  middle  region,  consisting  of  the  usual  well-known  varieties  of  forest 
marble,  sometimes  constituting  thick  beds  of  stone  composed  of  comminuted 
shells,  at  other  times  passing  into  oolitic  and  sandy  slate.  The  most  perfect 
condition  of  this  forest  marble  is  exhibited  in  the  quarries  of  Bothenhampton, 
one  mile  south  of  Bridport,  where  it  contains  that  remarkable  fossil  the  Brad- 
ford Encrinite,  Apiocrinites  rotundus,  together  with  fragments  of  Pentacrinite, 
palates  of  fish,  and  fragments  of  lignite,  all  imbedded  in  indurated  masses  of 
broken  shells;  it  contains  also  the  same  Apiocrinite  in  the  under-cliff  between 
Abbotsbury  Castle  and  the  sea,  and  in  the  cliffs  immediately  west  of  Bridport 
Harbour. 

3.  The  lower  region  is  composed  principally  of  strata  of  blue  clay  and  grey 
marl  and  marlstone,  containing  subordinate  beds  of  imperfect  stone. 

The  best  section  of  this  grey  marl  is  seen  in  the  cliff  at  Watton  Hill,  close 
on  the  west  of  Bridport  Harbour,  attaining  a  thickness  of  about  150  feet ;  it 
is  here  capped  by  an  outlying  summit  of  forest  marble,  being  the  extreme 
south-western  termination  of  this  rock  on  the  coast  of  England  f.  The  base 
of  this  marl  reposes  on  the  sands  of  the  inferior  oolite.  This  grey  marl  also 
forms  a  cap  on  the  summit  of  the  inferior  oolite  in  Burton  Cliff,  on  the  east 
of  Bridport  Harbour :  it  may  probably  be  the  equivalent  of  the  Fuller*s 
earth  in  the  vicinity  of  Bath.  The  predominating  character  of  these  three 
deposits,  which  we  have  grouped  together  as  forest  marble,  is  clay;  the 
amount  of  their  united  thickness  may  be  about  400  feet. 

The  extent  of  this  forest  marble  formation  in  the  Vale  of  Weymouth  is  con- 
siderable ;  it  occupies  a  tract  near  six  miles  long,  and  from  two  to  three  miles 
broad,  constituting  the  lowest  strata  and  central  belt  of  that  district.  This 
central  belt  emerges  at  Radipole  from  beneath  the  Oxford  clay,  and  is  less 
elevated  than  the  parallel  belts  of  Oxford  oolite  and  Portland  stone,  whose 
escarpments  overhang  it  on  the  north  and  south,  rising  towards  each  other  as 
if  they  once  had  been  continuous,  and  had  been  separated  by  the  elevation  of 
the  central  axis  of  forest  marble,  over  which,  if  reunited,  they  would  form  a 
continuous  ridge.  It  is  not  of  sufficient  importance  to  trace  separately  the 
extent  of  the  individual  beds  of  cornbrash  and  forest  marble  throughout  this 
central  belt.  The  cornbrash  occupies  the  uppermost  place  along  the  lines  of 
its  junction  with  the  Oxford  clay,  and  occurs  also  on  many  summits  and  minor 

^  Oudines  of  the  Geology  of  England,  p.  202.  t  See  Plate  II.  fig.  IS  and  14. 
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hills  within  its  area.  The  valleys  are  usually  cut  down  to  the  slaty  forest 
marble  beds  and  their  associated  clays. 

On  the  norths  and  east,  and  south,  it  is  entirely  surrounded  by,  and  dips 
beneath,  the  Oxford  clay  ;  on  the  west  it  is  terminated  by  the  back-water  of 
the  Fleet,  cutting  it  in  an  oblique  line  for  about  four  miles,  from  the  village 
of  East  Fleet  to  the  Swanery  of  Abbotsbury.  It  has  been  already  stated, 
that  it  constitutes  the  axis  or  central  arch  of  the  Weymouth  district,  upon 
each  side  of  which,  as  on  a  saddle,  all  the  more  recent  formations  successively 
repose. 

After  a  slight  depression  beneath  the  surface  at  Abbotsbury,  the  forest 
marble  and  its  clays,  or  in  most  cases  the  clays  without  the  marble,  reappear 
in  strength  in  the  Vale  of  Bredy,  occupying  an  extent  of  surface  about  eight 
miles  long  and  four  miles  broad ;  bounded  on  the  east  and  north  by  the  over- 
hanging escarpments  of  chalk  and  greensand ;  on  the  south  by  the  sea  and 
Chesil  Bank,  and  on  the  west  by  the  subjacent  strata  of  inferior  oolite  near 
Burton  Bradstock  and  Bridport.  Throughout  all  this  Vale  of  Bredy,  the  main 
dip  of  this  strata  is  towards  the  north. 

Inferior  Oolite. 

Along  the  whole  coast  of  Dorset,  and  indeed  the  whole  south  coast  of  En- 
gland, there  is  a  total  absence  of  Bath  oolite ;  but  the  inferior  oolite  occurs  in 
the  vicinity  of  Bridport,  attaining  a  thickness  of  about  300  feet,  and  occupying 
the  cliffs  for  two  miles  east,  and  three  miles  west,  of  Bridport  Harbour.  The 
summits  of  the  highest  hills  around  the  town  are  composed  of  the  superior 
strata  of  this  formation,  consisting  of  coarsely  oolitic  yellow  limestone,  resem- 
bling that  of  Dundry  Hill  near  Bristol,  irregularly  interspersed  with  oolitic 
grains  of  hydrate  of  iron,  as  at  Bayeux  in  Normandy  :  the  most  extensive 
quarries  in  these  upper  strata  of  the  inferior  oolite,  are  at  the  summit  of 
Chideock  Hill,  on  the  west  of  Bridport ;  these  are  wrought  in  a  light  brown 
limestone  full  of  large  and  small  ferruginous  grains  ;  a  few  beds  also  abound  in 
minute  veins  and  cells  lined  with  hydrate  of  iron.  One  stratum  on  this  hill  is  in 
great  measure  composed  of  fragments  of  Pentacrinite,  others  contain  a  variety 
of  organic  remains, — Ammonites,  Nautili,  Belemnites,  several  Pectens,  a  large 
Lima,  CucuUasa,  Plagiostoma,  Modiola,  several  species  of  Terebralula,  and 
fossil  wood*. 

Beneath  this  coarse  limestone  is  a  series  of  brown  and  yellow  loam  and 
sands,  highly  micaceous,  and  containing,  in  their  upper  region,  strata  of  cal- 

*  The  oolite  of  Chideock  Hill  contains  caverns,  but  no  bones  have  yet  been  noticed  in  them  ; 
in  the  same  oolite  beds  at  Burton  Cliff,  there  are  inaccessible  fissures  filled  with  diluvium. 
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base  of  Golden  Cap  presents  an  almost  continuous  pavement  of  Belemnites^ 
running  for  some  distance  along  the  shore ;  these  marl  beds  also  contain  the 
remains  of  Saurians.  A  detailed  description  of  this  lias  formation  at  Lyme 
having  been  published  by  Mr.  De  la  Beche  *^  we  deem  it  sufficient  to  refer 
our  readers  to  that  paper. 

VALE  OF  BREDY. 

We  have  already  pointed  out  details  of  the  leading  formations  of  the  Vale 
of  Bredy  in  our  description  of  the  westward  terminations  of  the  strata  that 
occur  in  the  Vale  of  Weymouth ;  we  here  sum  them  up  in  a  few  words.  The 
structure  of  the  Vale  of  Bredy  is  much  less  complicated  than  that  of  the  Vale 
of  Weymouth  ;  its  strata  do  not^  as  there^  dip  in  opposite  directions  from  an 
anticlinal  line^  but  emerge  regularly  from  beneath  the  chalk  and  greensand 
escarpments  of  its  eastern  and  northern  frontiers^  rising  to  the  west  and 
souths  until  at  their  western  termination  they  rest  on  the  inferior  oolite  of 
Burton  Cliff  and  the  hills  near  Bridport. 

Around  the  eastern  and  northern  frontiers^  the  greensand  constitutes  a  sub- 
escarpment  to  the  chalky  and  also  forms  the  outlying  summits  of  Abbotsbury 
Castle^  Swyre  Knoll^  Shipton  Beacon^  and  Hammerdon  Hill  already  men- 
tioned :  its  southern  frontier  next  the  sea^  is  composed  of  forest  marble  and 
thick  beds  of  clay  connected  with  it;  its  middle  region  also  (constituting  the 
bed  of  the  river  BredyJ  is  made  up  of  these  same  clays^  interspersed  occa- 
sionally with  thin  stony  beds  of  forest  marble.  The  entire  face  of  this  Vale  of 
Bredy  is  so  destitute  of  roads  and  sections^  and  so  covered  up  with  grass  from 
the  bottom  of  the  valley  to  the  escarpment  of  the  hills^  that  it  is  extremely 
difficult  to  trace  the  separation  between  these  extensive  clay  beds  of  the 
forest  marble  formation^  and  those  which  may  be  made  up  of  the  continua- 
tions of  Kimmeridge  and  Oxford  clays^  interposed  between  the  forest  marble 
and  the  greensand. 

EFFECTS  OF  DISTURBING  FORCES. 

Having  thus  far  considered  the  character  and  extent  of  each  formation  which 
occurs  on  the  coast  of  Dorset^  it  remains  only  to  examine  the  effects  that  have 
been  produced  on  them  by  disturbing  forces :  these  may  be  divided  into  five 
heads;  namely^ — 1.  Elevation; — a.  Depression; — 3.  Contortion; — 4.  Faults; 
— 5.  Denudation. 

I.  Elevation. 

The  most  important  feature  which  pervades  the  whole  Vale  of  Weymouth 

•  Geol.  Trans.  Second  Series,  vol.  ii.  Part  I.  p.  21.  Plate  III. 
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is,  the  arch-like  disposition  of  all  the  formations  it  contains  ;  the  axis  of  this 
arch  passes  east  and  west  from  Weymouth  Bay  to  the  Chesil  Bank^  forming 
an  anticlinal  line^  on  each  side  of  which  all  the  successive  strata  dip  respec- 
tively to  the  north  and  south.  This  dip  of  the  strata  in  opposite  directions 
from  the  anticlinal  line^  is  represented  in  the  general  section^  Plate  II.  fig.  1. 
It  affords^  on  a  larger  scale^  an  example  of  the  same  kind  of  valleys  of  eleva- 
tion with  those  which  have  been  described  by  Professor  Buckland*.  The 
details  of  these  arched  strata  in  the  Vale  of  Weymouth  have  already  been 
sufficiently  set  forth.  We  think  there  is  evidence  enough  to  show  that  the 
strata  were  once  nearly  continuous  and  horizontal^  and  have  been  elevated 
to  their  present  position  by  a  force  acting  from  beneath  in  a  line  nearly  east 
and  west^  forming  a  continuation  of  the  same  line  of  elevation  that  extends 
through  Purbeck  and  the  Isle  of  Wight^  and  parallel  to  that  of  the  axis  of 
elevation  of  the  Weald  of  Sussex  and  Kent.  The  period  of  elevation  in  all 
these  cases  was  apparently  the  same^  viz.  subsequent  to  the  deposition  of  the 
London  clay^  if  not  of  the  most  recent  tertiary  strata  in  the  Isle  of  Wight. 

With  respect  to  the  analogous  axis  of  elevation^  which  extends  with 
certain  interruptions  from  the  eastern  extremity  of  the  Mendip  Hills  along 
the  coast  of  South  Wales  to  M ilford  Haven^  it  has  been  shown  by  Dr.  Buck* 
land  and  Mr.  Conybeare  that  this  elevation  took  place  before  the  deposition 
of  the  new  red  sandstone  formation  f;  the  direction  of  this  line  deviates  from 
east  and  west  several  points  towards  the  north-west. 

In  these  comparatively  small  instances^  as  in  the  elevation  of  the  highest 
mountains  in  the  worlds  noticed  by  M.  Elie  de  Beaumont |,  it  seems  that 
the  operating  forces  have  been  exerted  usually  in  straight  lines^  and  that  these 
straight  lines  were  often  parallel  to  one  another;  and  the  fact  that  the 
greatest  mountain  chains  are  for  the  most  part  thus  disposed^  more  especially 
those  which  are  volcanic^  as  in  the  case  of  the  Andes^  leads  us  to  refer  the 
elevation  of  them  all  to  one  and  the  same  common  cause^ — namely^  the  expan- 
sion of  elastic  vapours  bursting  upwards  in  longitudinal  cracks  along  the  lines 
where  the  least  resistance  was  presented  by  the  incumbent  strata §.  The 
comparative  insignificance  of  the  elevations  we  are  considering  in  the  South 
of  England^  makes  no  difference  in  the  principles  we  would  apply  to  explain 
their  origin ;  they  appear  to  us  to  be  faithful  models^  representing  on  a  smaller 

*  Geol.  Trans.  Second  Series,  vol.  ii.  Part  I.  p.  119.  f  Ibid.  vol.  i.  p.  210,  et  seq. 

X  Annales  des  Sciences  Naturelles^  1829 — 1830. 

§  The  movement  of  modem  earthquakes  along  straight  lines,  added  to  the  frequent  rectilinear 
position  of  volcanic  chains,  adds  still  further  probability  to  these  conjectures. — See  Hall's  South 
America. 
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scale^  the  self-same  phenomena^  which^  in  more  ^gantic  magptiitude^  pervade 
the  highest  Alps. 

In  the  eastern  part  of  our  Weymouth  district^  we  have  examples  of  valleys 
of  elevation^  on  a  small  scale^  in  the  three  little  circus-shaped  valleys  of 
Moignes  Down^  Poxwell^  and  Sutton  Pointz*.  All  these  three  valleys  are  of 
an  elongated  oval  shape^  and  so  nearly  resemble  the  interior  of  a  Roman 
circus^  that  if  the  basset  ends  of  the  strata  were  cut  into  benches^  the  central 
area  would  be  visible  to  persons  seated  on  every  part  of  them. 

These  three  small  valleys  of  elevation  are  on  the  same  straight  line^  running 
east  and  west^  parallel  to  the  grand  axis  of  the  Weymouth  district^  and  also 
parallel  to  two  great  faults  adjacent  to  them^  and  immediately  to  be  described  f. 
The  western  extremity  of  the  first  valley  touches  the  eastern  extremity  of  the 
second^  and  the  second  is  separated  from  the  thirds  only  for  a  small  space^  by  a 
ridge  of  Portland  stone :  each  of  these  valleys  has  only  one  small  lateral  outlet 
for  the  discharge  of  its  waters ;  the  area  of  the  Moignes  Down  Circus  scarcely 
descends  below  the  Portland  stone  :  those  of  the  Poxwell  Circus  and  Sutton 
Pointz  Circus  descend  into  the  Portland  sand  and  Kimmeridge  clay. 

In  the  circus  of  Moignes  Down  and  of  Poxwell^  the  circumference  is  chiefly 
composed  of  the  basset  edges  of  strata  of  Portland  stone  dipping  outwards  in 
every  direction  ;  but  the  circus  of  Sutton  Pointz^  which  is  much  longer  and 
wider  than  the  other  two^  is  surrounded  by  Portland  stone  on  three  sides  only^ 
the  remaining  north  side  being  partially  occupied  by  greensand  and  chalky 
in  consequence  of  its  being  intersected  by  the  great  Ridgeway  fault  ;^. 
Although  the  elevation  of  these  circus-shaped  valleys  must  have  produced 
vast  piles  of  fractured  strata  on  the  line  of  elevation^  there  is  no  accumulation 
of  such  fragments^  nor  any  perceptible  quantity  of  gravel  of  any  kind  within 
their  area ;  the  clearing  out  of  all  the  rubbish  which  must  have  encumbered 
them  at  the  time  of  their  elevation,  can  only  be  referred  to  the  contempo- 
raneous or  subsequent  operations  of  very  powerful  denudation. 

II.  Depression. 
Elevations  of  strata,  such  as  we  have  been  tracings  can  scarcely  have 
arisen  without  simultaneous  depressions  in  the  spaces  intermediate  between 

•  See  Plate  II.  fig.  %,  S,  4.  f  See  Map,  Plate  I. 

%  The  circus-like  inclosure  of  the  Valley  of  Sutton  Pointz  is  best  seen  from  its  eastern  extremitj 
at  the  top  of  Osmington  Hill,  at  a  point  on  the  old  road  near  the  western  extremity  of  the  Poxwell 
Circus ;  the  new  turnpike  road  from  Poxwell  to  Osmington,  enters  the  Poxwell  Circus  by  the 
outlet  on  its  north  side,  and  crossing  its  shorter  diameter,  cuts  through  the  Portland  stone  on  its 
south  side,  and  there  enters  upon  tlie  Purbeck  beds,  reposing  on  the  back  of  the  Portland  stone, 
and  dipping  towards  Upton.     See  Plate  II.  fig.  3. 
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the  lines  of  elevation ;  and  accordingly  our  district  affords  examples  of  troughs 
and  depressions  thus  produced  in  the  case  of  the  Purbeck  beds  lying  upon  a 
trough  of  Portland  stone  at  Upway^  and  of  Kimmeridge  clay  in  a  trough  of 
Oxford  oolite  at  Abbotsbury*. 

III.  Contortion. 

At  Upway  in  the  quarries  west  of  the  Churchy  we  have  examples  of  con- 
tortion produced  by  the  elevation  of  the  strata^  similar  to  those  represented 
by  Mr.  Webster  in  his  drawings  of  Lulworth  Cove  and  the  coves  adjacent  to 
it,  in  the  Isle  of  Purbeck.  Throughout  the  whole  Weymouth  district,  and 
particularly  along  the  lines  of  fault,  which  we  shall  next  describe,  contortions 
of  greater  or  less  amount  are  too  numerous  to  require  individual  speci- 
fication. 

IV.  Faults. 

In  a  district  which  has  been  so  much  dislocated,  the  elevations  and  depres- 
sions just  described  lead  us  to  expect  still  further  disturbances  in  the  occur- 
rence of  faults ;  and  accordingly  we  find  two  very  extensive  fisiults  on  the 
northern  and  north-eastern  firontier  of  the  Vale  of  Weymouth,  and  also  two 
others  on  the  north-west  of  the  Vale  of  Bredy  and  near  Bridport,  besides 
many  minor  local  fractures. 

The  two  great  faults  in  the  Vale  of  Weymouth,  run  nearly  in  a  straight 
line  from  east  to  west,  parallel  to  the  general  axis  of  elevation  of  the  whole 
district,  and  were  probably  produced  by  the  same  forces  and  at  the  same  time 
with  this  general  elevation. 

We  shall  call  the  most  northerly  of  them  the  great  Ridgeway  Fault,  the 
other  the  Osmington  Fault.  Wherever  we  examine  these  faults,  we  find 
double  evidence  of  the  movement  that  has  taken  place ;  1st,  In  the  non- 
accordance  of  the  strata  that  form  the  opposite  sides  of  the  faults  ;  2ndly,  In 
the  fine  parallel  lines  and  vertical  furrows  resembling  the  lines  and  grooves 
on  Slikensides,  and  often  also  in  the  highly  polished  surfaces  of  the  materials 
that  form  the  side  walls  of  the  fault,  showing  that  these  ponderous  masses 
have  ground  each  other  with  prodigious  violence  in  the  act  of  separation  and 
movement  from  their  original  position.  The  great  Ridgeway  fault  is  an 
upcast  fault,  elevating,  on  its  south  side,  into  contact  with  the  escarpment  of 
the  chalk  strata  that  would  otherwise  have  dipped  beneath  it,  particularly  the 
Portland  stone,  nearly  along  the  whole  line  which  this  fault  traverses.  The 
Osmington  fault  is  a  downcast  fault,  throwing  down,  on  its  south  side,  strata 

*  See  Plate  II.  fig.  1,  6. 
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of  chalky  greensand^  and  Portland  stone^  to  a  position  lower  than  the  strata 
from  whose  extremities  they  have  been  snapped  off*. 

1.  Great  Ridgeway  Fault. 

The  most  important  of  these^  the  great  Ridgeway  faulty  extends^  without 
interruption^  nearly  fifteen  miles^  from  the  eastern  extremity  of  our  district  at 
Moignes  Down^  to  the  sea  near  Abbotsbury^  passing  along  the  great  escarp- 
ment of  the  chalk  at  various  elevations^  from  the  top  to  the  bottom  of  it ;  the 
Osmington  fault  we  could  trace  only  about  three  miles^  from  South  Holworth 
near  White  Nore,  to  Ham  Cliff  on  the  north-east  of  Weymouth. 

The  first  or  great  Ridgeway  fault  is  one  of  the  most  curious  and  important 
we  have  ever  seen^  in  consequence  of  the  variety  of  instructive  sections 
afforded  along  its  course ;  these  sections  we  shall  describe  in  the  order  of 
their  occurrence^  beginning  at  the  eastern  extremity  f .  The  fault  emerges 
from  the  chalk  formation  at  Moignes  Down  Farm^  on  the  north  side  of  the 
circus  of  Moignes  Down^  and  brings  the  truncated  lower  ends  of  strata  of 
Portland  stone  into  contact  with  the  truncated  upper  ends  of  strata  of  chalky 
both  dipping  to  the  north;];.  Here  a  valley  of  denudation  runs  exactly  along 
the  line  of  faulty  having  its  north  side  composed  of  chalky  and  its  south  side 
entirely  of  Portland  stone.  The  strata  have  been  raised  on  both  sides  of  this 
faulty  but  raised  unequally;  whence  it  results^  that  on  the  north  side  the 
chalk  rises  towards  the  faulty  whilst  on  the  south  side  the  Portland  stone 
dips  towards  it^  as  if  plunging  beneath  the  chalk ;  whereas  the  Portland 
stone  has  been  elevated  from  its  original  position^  relatively^  though  not 
absolutely^  much  higher  than  the  chalk :  yet^  notwithstanding  this  fracture 
of  the  strata  and  dissimilarity  of  substances  on  the  two  sides  of  the  valley^ 
the  effect  of  denudation  has  been  so  equable^  and  the  removal  of  the  fractured 
materials  so  total,  that  no  other  features  are  presented  by  the  surface  than 
those  of  an  ordinary  valley  of  denudation  on  horizontal  chalk. 

Our  next  section  §  is  taken  at  Poxwell  Hill,  less  than  one  mile  west  of 
Moignes  Down  Farm.  Here  the  circumstances  of  the  fault  on  the  north  of  ^ 
Poxwell  Circus  are  similar  to  those  at  Moignes  Down  Farm,  excepting  that 
at  Poxwell  there  has  been  no  denudation  on  the  line  of  fault.  Two  miles 
west  of  Poxwell  in  the  valley  of  Sutton  Pointz||,  the  exact  line  of  the  fault  is 
scarcely  to  be  recognised,  from  the  circumstance  of  the  strata  on  both  sides 
of  it  being  perpendicular.     At  fig.  5.  in  Sutton  Valley,  one  mile  west  of 

*  See  Plate  II.  fig.  2,  5.  f  See  Plate  II.  fig.  1,  2,  3,  4,  5,  6,  7,  12. 

J  See  Plate  II.  fig.  2.  §  Plate  II.  fig.  S.  ||  Plate  II.  fig.  4. 
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fig.  4^  the  Portland  stone  forms  the  south  side  of  the  fault ;  and  greensand^ 
surmounted  by  chalky  the  north  side^ — both  dipping  rapidly  to  the  north. 

The  theoretical  figure  (Plate  IL  No.  12.)  is  intended  to  represent  by  the 
dotted  lines  aa.  bb.  cc,  effects  that  would  be  produced  by  denudation  extended 
to  different  depths  along  the  line  of  a  faulty  traversing  such  strata  as  occur 
along  this  part  of  the  Ridgeway ;  thus  a  denudation  descending  to  aa.  would 
leave  chalk  and  greensand  on  the  north  side  of  the  valley  so  denuded^  and 
Portland  stone  on  the  south ;  a  denudation  to  bb.  would  give  the  same  section 
on  the  north  side  of  the  valley^  and  Portland  sand  on  the  south  ;  and  in  this 
case  it  would  be  difficult  to  distinguish  between  these  two  sands^  without  the 
aid  of  organic  remains.  A  denudation  to  cc.  would  give  again  the  same  beds 
on  the  north  side^  and  Kimmeridge  clay  on  the  south  :  examples  of  all  these 
three  theoretical  representations  are  visible  in  the  course  of  the  Ridgeway 
fault;  e.  g.  On  the  high  crest  which  separates  the  valley  of  Bincombe  from 
that  of  Sutton  Pointz^  the  Portland  stone  touches  the  chalk ;  the  surfaces  of 
both  rocks  at  the  line  of  fault  presenting  a  uniform  appearance^  and  uniformly 
leviel  line^  like  the  surface  of  fig.  12.  Plate  II.  Near  the  north-western  extre- 
mity of  Sutton  Valley^  a  denudation^  analogous  to  that  represented  by  aa. 
fig.  12.  Plate  11.^  shows  the  Portland  stone  touching  greensand;  a  lower 
point  of  the  same  denudation  exhibits  the  Portland  sand  in  contact  with  the 
greensand^  as  represented  at  bb.  in  the  same  figure;  and  on  the  north  of 
Sutton  village  the  Kimmeridge  clay  also  is  brought  into  contact  with  the 
greensand^  as  represented  at  cc. 

At  Upway^  on  the  northern  extremity  of  the  general  section^  and  near  the 
summit  of  the  hill*,  the  Portland  stone,  covered  by  Purbeck  beds,  occupies 
the  south  side  of  the  fault,  and  nearly  horizontal  chalk  its  north  side,  the  Pur- 
beck and  Portland  beds  rising  at  a  high  angle  northwards  towards  the  fault. 
From  Upway,  for  four  miles  westward,  to  the  final  termination  of  the  Port- 
land stone  at  Portisham,  the  Portland  stone  is  continued  on  the  south  side, 
and  the  chalk  on  the  north  side  of  this  fault ;  it  is  exposed  by  no  section,  but 
the  junction  can  be  traced  on  the  surface  of  the  fields. 

Near  the  village  of  Portisham,  precisely  at  the  western  termination  of  the 
Portland  stone,  the  fault  deviates  to  a  south-western  direction  for  about  a  quarter 
of  a  mile,  traversing  the  bottom  of  a  deep  and  narrow  dry  valley  or  comb,  by 
which  the  road  from  Portisham  leads  up  to  Black  Down;  the  east  side  of  this 
valley  is  composed  of  Portland  stone,  and  the  west  side  of  chalk,  both  attaining 
a  considerable  elevation  above  the  bottom  of  the  valley.     In  the  village  of 

•  Plate  II.  fig.  1. 
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Portisham^  the  fault  again  resumes  its  westerly  direction^  and  at  the  same  time 
brings  up  the  Kimmeridge  clay  into  immediate  contact  with  the  base  of  the 
escarpment  of  the  chalk ;  this  contact  continues  for  some  distance  towards 
Abbotsbury.  At  Abbotsbury*^  the  Oxford  oolite  occupies  the  south  side  of 
the  fault ;  and  greensand^  resting  upon  clay^  the  north  side ;  the  two  latter 
are  nearly  horizontal^  whilst  the  oolite  rises  to  the  north. 

The  irregularities  of  structure  occasioned  by  this  fault  on  the  west  of 
Abbotsbury  are  considerable^  and  not  totally  made  out  by  us.  A  compound 
disturbance^  similar  to  that  which  has  produced  the  trough-shaped  disposition 
of  the  Purbeck  and  Portland  stone  at  Upway^  has  caused  an  analogous 
derangement  near  Abbotsbury,  along  a  tract  of  about  a  mile  in  lengthy  from 
east  to  west^  and  nearly  a  mile  in  breadth  f.  This  tract  occupies  the  slope 
and  under-terrace^  between  the  summit  of  Abbotsbury  Common  and  the  sea^ 
and  is  composed  chiefly  of  ferruginous  Oxford  oolite^  dipping  iFegularly  to- 
wards the  norths  on  that  side  of  Abbotsbury  which  is  nearest  to  the  sea, 
until  it  terminates  abruptly  in  a  hill  called  Zoles  (immediately  above  the 
mansion  of  the  Countess  of  Ilchester).  In  this  hill  it  suddenly  trends  rounds 
changing  its  dip  towards  the  east^  and  rising  with  an  escarpment  to  the 
west^  for  a  short  distance^  until  the  dip  again  turns  suddenly  to  the  south,  and 
so  continues  along  the  line  of  faulty  running  east  and  west  more  than  a  mile 
from  Zoles  to  the  town  of  Abbotsbury.  By  these  three  dips,  the  oolite  is 
thrown^  at  its  termination^  into  the  form  of  a  spoon^  rising  outwards  in  three 
directions  from  the  lowest  central  line  of  depression^  and  terminated  by  high 
escarpments  on  the  south  and  west,  and  on  the  north  partly  by  a  false  escarp- 
ment;];, and  partly  by  abutting  against  the  fault §. 

The  existence  of  this  false  escarpment  (fig.  7.)  is  due  to  the  agency  of  the 
upcast  faulty  which  has  elevated^  not  only  these  Oxford  oolite  beds,  but  even 
the  subjacent  beds  of  Oxford  clay  and  forest  marble  irregularly  along  the 
under-terrace,  between^  the  false  escarpment  of  oolite^  and  the  true  south 
escarpment  of  the  lofty  ridge  of  greensand  and  chalk  composing  Abbotsbury 
Common ;  so  that  beneath  and  parallel  to  this  true  escarpment,  at  a  distance 
varying  from  one  to  two  furlongs^  the  false  escarpment  forms  a  broken  under- 
terrace  ||  facing  the  true  escarpment,  with  opposite  dip ;  and  between  these 
two  escarpments  a  narrow  band  of  forest  marble  is  thrown  up  in  great  con- 
fusion for  about  a  mile,  from  the  town  of  Abbotsbury  west  to  Zoles.  The 
confusion  is  increased  by  land  slips^  which  have  brought  down  heaps  of 
rubbish  from  the  greensand  «scarpment  of  Abbotsbury  Common  and  Abbots- 

♦  Plate  II.  fig.  6.  t  See  Plate  II.  fig.  6  &  7.  J  Plate  II.  fig.  7. 

§  Plate  II.  fig.  6.  II  See  Plate  II.  fig.  7. 
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bury  Castle  Hill^  and  spread  them  over  the  various  broken  beds  of  the  oolite 
formation^  along  the  under-terrace  and  line  of  fault ;  and  have  also  so  com- 
pletely  masked  and  covered  up  all  the  lo^yer  beds  of  the  true  escarpment 
below  the  greensand^  that  not  one  of  them  can  be  distinctly  seen  :  and 
although  this  great  escarpment  is  at  least  400  Jeet  above  the  sea^  none  of  its 
lower  strata  are  exposed  to  view^  except  a  bed  of  clay,  which^  by  casting  out 
a  line  of  springs  along  its  junction  with  the  incumbent  greensand^  affords  a 
perpetual  cause  of  the  land  slips  which  obscure  the  entire  base  of  this  escarp- 
ment^ and  prevent  our  tracing  distinctly  the  great  Ridgeway  fault  at  its 
western  termination  into  the  sea  *• 

The  depth  of  the  dislocations  occasioned  by  this  great  Ridgeway  fault 
along  the  escarpment  of  the  chalk  appears  to  vary  to  the  amount  of  several 
hundred  feet. 

S.  Osmington  Fault. 

The  range  of  the  Osmington  fault  is  east  and  west^  and  parallel  to  the 
great  Ridgeway  fault  we  have  just  described^  at  the  distance  of  about  one 
mile  and  a  half  to  the  south  :  its  eastern  extremity  is  lost  in  the  chalk  downs 
near  South  Holworth^  and  its  western  termination  is  seen  in  Ham  Cliffy  three 
miles  north-east  of  Weymouth.  Plate  II.  fig.  2.  exhibits  its  most  eastern 
section  at  Upton  Hill^  in  which  horizontal  chalk  beds  form  the  north  side  of 
the  faulty  and  subsided  chalky  greensand^  and  Portland  stone^  the  south  side : 
a  lime-kiln  excavated  exactly  on  the  line  of  fracture^  exhibits  the  disposition 
here  represented.  In  a  section  of  the  hill  and  water-course^  one  mile  further 
west^  at  Osmington  Millf^  the  south  side  of  this  fault  is  formed  of  subsided 
chalk  and  greensand^  dipping  north;  and  the  north  side  formed  of  chalky 
resting  on  greensand^  both  inclined  slightly  to  the  south.  Plate  II.  fig.  8. 
shows  the  western  extremity  of  this  fault  at  Ham  Cliffy  wl\ere  the  Oxford 
oolite  on  its  south  side  has  subsided  to  the  level  of  the  Oxford  clay  on  its 
north  side. 

ft 
•  ^^  ^^^ 

3.  Ringstead  Bay  FauU. 

Plate  II.  Rg.  11.  represents  a  third  and  very  local  small  faulty  produced 
^parently  by  a  fracture  in  the  cliffs^  and  bringing  a  subsided  mass  of  Port- 
land stone  and  Portland  sand  into  contact  with  Kimmeridge  clay.  This 
fault  is  more  oblique  than  any  part  of  the  two  great  faults  we  have  been 
describing ;  like  them  it  ranges  east  and  west^  but  can  be  traced  only  to  a 

*  Od  the  nortb  side  of  Abbotsbury  Common,  immediately  below  the  Caatle,  a  series  of  land 
tlipsy  similar  to  those  on  the  south  side,  is  indicated  'by  a  long  range  of  narrow  ponds,  supported 
by  the  bed  of  clay,  across  which  the  land  slips  have  taken  place.  f  Plate  II.  fig.  3, 
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very  short  distance:  the  pseudovolcano  we  have  described  is  in  the  Kim- 
meridge  clay  which  forms  the  base  of  this  subsided  mass. 

Another  minor  fault  is  seen  at  Boat  Cove^  on  the  west  of  Osmington  Mill*^ 
where  an  apparently  false  dip  of  the  Oxford  oolite  has  been  produced  by  a 
recent  slip  of  the  cliffs ;  it  is  so  small  and  partial  that  it  would  be  unworthy 
of  notice  were  it  not  that  it  is  prominently  exposed  in  the  profile  of  the  coast, 
and  gives  an  erroneous  impression  of  the  position  of  the  strata  in  the  cliff 
from  which  it  has  fallen.  Near  this  spot,  also,  at  the  cascade  of  Osmington 
Mill,  we  have  another  small  fault,  exposed  on  the  shore  traversing  the  Oxford 
oolite,  and  running  outwards  into  the  sea,  just  along  the  anticlinal  line,  where 
the  strata  turn  at  this  part  of  the  coast f. 

4.  Botkenhampton  Fault. 

PI.  II.  fig.  14.  represents  a  downcast  fault  at  Bothenhampton^  one  mile 
south-east  of  Bridport.  We  believe  that  this  fault  was  first  noticed  by  Prof. 
Sedgwick :  it  is  of  considerable  depth,  bringing  the  forest  marble  on  its 
south  side  into  contact  with  inferior  oolite  on  the  north  side,  the  forest 
marble  dipping  at  a  considerable  angle  towards  the  fault ;  its  general  range, 
like  that  of  the  rest,  is  nearly  east  and  west,  and  although,  from  the  similarity 
of  the  clays  which  it  intersects,  we  have  not  traced  its  uninterrupted  con- 
nexion, we  think  it  continues  eastward  to  Shipton  Gorge,  Litton  Cheney,  and 
Long  Bredy.  At  each  of  these  three  places,  lying  as  they  do  nearly  on  a 
straight  line,  there  has  been  much  dislocation  and  disturbance. 

5.  Bridport  Harbour  Fault. 

At  PI.  II.  figures  13  and  14  represent  the  western  termination  of  another 
downcast  fault  in  the  cliffs  about  a  mile  west  of  Bridport  Harbour,  being  the 
last  we  have  to  mention.  Its  amount  is  considerable :  on  its  north  side  are 
beds  of  inferior  oolite  based  on  lias ;  on  its  south  side  are  beds  of  forest 
marble  based  on  more  than  150  feet  of  grey  clay,  and  these  are  suddenly  and 
violently  turned  up  when  they  come  into  immediate  contact  with  the  fault. 
We  believe  this  clay  to  be  the  same  that  occurs  in  such  thickness  in  the  Yale 
of  Bredy ;  and  although  we  have  there  considered  it  as  subordinate  to  the 
forest  marble  formation,  we  have  no  evidence  to  show  that  it  may  not  also 
represent  the  Fuller's  earth  beds  that  occur  between  the  great  oolite  and  in- 
ferior oolite  of  the  neighbourhood  of  Bath.  The  eastern  extremity  of  this 
fault  J  presents  a  complicated  double  fracture,  causing  the  lower  beds  of  the 

*  See  Pkte  II.  fig.  9.  f  See  Plate  11.  fig.  9.  J  Plate  II.  fig.  15.  a. 
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y  marl  and  marlstone  to  assume  a  position  partly  vertical  and  partly  tor- 
tuous^ between  horizontal  beds  of  grey  marlstone  on  the  one  side^  and  of 
inferior  oolite  on  the  other.  These  appearances  may  in  part  be  due  to  sub- 
sidence superadded  to  the  fault ;  the  point  of  the  cliff  in  which  they  occur 
is  so  much  exposed  to  the  action  of  the  waves^  that  it  may  ere  long  be 
totally  removed^  and  the  appearances  represented  in  our  section  be  entirely 
changed. 

It  should  be  observed  that  not  one  of  all  these  faults  appears  to  have  been 
produced  during  the  formation  of  the  strata  :  not  one  is  covered  at  its  summit 
by  any  overlying  substance  except  diluvium ;  and  that  those  in  the  eastern 
part  of  our  district  were  evidently  not  produced  until  the  time  at  which  the 
chalk  and  all  the  strata  subjacent  to  it^  in  this  district^  underwent  a  simulta- 
neous elevation. 

V.  Denudation  producing  Valleys. 

In  a  country  that  has  been  the  scene  of  such  tremendous  convulsions  and 
subterranean  disturbances^  it  was  probable  that  we  should  find  on  the  surface 
abundant  ruins^  and  dislocated  fragments  of  the  rocks  that  have  been  sub- 
mitted to  such  violence ;  we  should  expect  to  discover  masses  of  rubbish  such 
as  we  see  in  the  wreck  of  modern  land  slips^  and  which  cannot  but  have  been 
created  in  prodigious  quantity  along  the  line  of  the  elevations  and  fractures 
we  have  been  tracing:  but  on  examination  we  find  that  all  this  wreck  has 
vanished^  and  been  so  totally  swept  away^  that  scarce  a  trace  of  it  can  be 
recognised  throughout  the  whole  district  which  it  must  once  have  covered. 

It  is  obvious^  from  a  mere  glance  at  the  Map^  that  the  strata  originally 
occupied  larger  areas  than  they  cover  at  present;  and  that  if  no  further  opera- 
tions had  taken  place  in  the  Vale  of  Weymouth  beyond  the  elevation  and  frac- 
tures we  have  described^  we  should  have  had  little  more  than  a  series  of  arches 
piled  successively  on  one  another^  and  extending  over  a  large  portion  of  the 
whole  district;  the  angle  at  which  the  strata  rise  being  in  many  parts  so 
amall  that  no  very  distant  separation  of  the  fractured  parts  could  have  attended 
their  elevation ;  and  thus  the  central  combrash  of  the  Vale  of  Weymouth 
would  have  been  arched  over  with  bending  strata  of  Oxford  clay^  coral  rag, 
Kimroeridge  clay^  and  Portland  stone ;  and  the  Vale  of  Bredy  and  the  Brid- 
port  district  would  have  been  covered  by  nearly  horizontal  beds  of  greensand 
and  chalky  connecting  the  great  greensand  escarpment  of  the  north  and  east 
of  the  Vale  of  Bredy  and  Abbotsbury  Castle  with  the  outlying  summits  of 
Swyre  KnoU^  Shipton  Beacon^  Eype  Down^  Golden  Cap  Hill^  Lewsdon  HiU^ 
Lambert's  Castle^  and  the  entire  group  of  insulated  caps  and  ridges  of  green- 
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sand  and  chalk  near  Charmouth^  Lyme^  and  Axminster.  But  as  no  such 
arches  exist  in  the  Yale  of  Weymouth^  nor  any  such  continuity  of  the  green* 
sand  strata  in  the  vales  of  Bredy  and  Bridport^  we  cannot  but  infer  that 
some  adequate  cause  has  produced  the  removal  of  the  vast  masses  of  materials 
which  apparently  must  once  have  filled  the  spaces  that  are  now  left  void ;  and 
we  see  no  cause  adequate  to  the  production  of  such  an  effect^  except  the 
denuding  power  of  a  mass  of  moving  waters ;  a  power  which  has  removed 
more  than  it  has  left  of  the  entire  bulk  of  nearly  all  the  strata  that  appear  on 
the  surface  of  this  district^  excepting  the  chalk. 

Again^  if  we  bok  for  traces  of  ruin  and  violence  on  the  surfieice  along  the 
lines  of  faulty  we  find  no  such  indications  presented  to  us ;  but  however  great 
may  have  been  the  dislocation  and  subterraneous  changes  of  levels  the  out- 
lines of  the  surface  are  little  affected  by  these  changes :  thus^  our  sections 
PI.  II.  fig.  1^  2,  3,  i,  5,  and  6^  afford  examples  of  the  summits  and  sides  of 
hills  where  we  should  be  utterly  unconscious^  from  the  external  form  of  the 
land^  that  the  least  derangement  or  fracture  has  ever  affected  the  subjacent 
strata ;  the  general  outlines  are  regular  and  rounded^  as  if  no  violent  move- 
ments had  ever  occurred  below^  and  all  the  ruins  and  piles  of  rubbish  that 
must  have  been  produced  along  the  lines  of  elevation  and  fracture  are  swept 
clean^  clear^  and  smooth  away. 

If  we  traverse  the  great  Ridgeway  fault  for  fifteen  miles^  from  one  extre- 
mity to  the  other^  we  see  along  the  whole  surface  scarcely  an  indication  of  its 
existence.  Near  Upway  we  have  an  obvious  example  of  this  fact^  at  the  point 
where  the  road  from  Bridport  passes  down  the  chalky  escarpment  of  the 
Ridgeway  through  one  of  those  broad  and  sweeping  dry  combs  which  are  so 
common  in  escarpments  of  chalk :  having  descended  nearly  to  the  bottom  of 
the  hili^  where  we  should  expect  the  outcrop  of  inferior  chalk  or  greensand^ 
we  are  surprised  to  find  Portland  stone  rising  to  the  norths  and  abutting  against 
the  chalk ;  yet  we  see  not  the  slightest  change  in  the  outline  of  the  surface  dn 
either  side  of  this  line  of  faulty  nor  is  there  upon  its  south  side  a  single  remaiu;- 
ing  fragment  of  all  the  masses  of  greensand  and  chalk  that  must  have  been 
elevated  into  a  new  and  high  position  on  that  side  of  the  fault  when  the  frac- 
ture took  place ;  all  traces  of  the  enormous  ruins  that  attended  this  great 
convulsion  have  utterly  vanished  and  been  swept  away ;  so  that  scarcely  the 
residuum  of  an  outlying  fragment  remains  to  attest  the  catastrophe  that  has 
taken  place :  the  sloping  sides  of  the  combs  glide  regularly  and  gently  down^ 
as  if  they  had  been  excavated  in  one  undisturbed  and  uniform  mass  of  con- 
tinuous chalk.  Nor  is  this  outclearing  and  total  removal  of  the  broken  frag- 
ments peculiar  to  this  comb  on  the  north-west  of  Upway ;  it  is  equally  ap- 
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parent  in  many  others  along  the  i¥hole  extent  of  the  faulty  particularly  in  the 
deep  combs  of  Elwell^  Bincombe^  and  Sutton  Pointz^  that  lie  successively 
adjacent  to  Upway  on  the  east. 

The  deep  and  numerous  dry  valleys  on  the  surface  of  the  chalk  hills  that 
bound  our  district  partake  of  the  general  character  of  such  valleys  on  the 
surface  of  the  chalk  formation  throughout  England ;  and  have  no  peculiar 
features  beyond  those  which  they  have  derived  from  enormous  volumes  of 
water^  retiring  in  all  directions  from  the  higher  to  the  lower  levels^  and 
acting  at  all  elevations  and  on  all  points  to  modify  the  previous  forms  of  the 
surface  of  the  earth. 

If  we  look  for  the  cause  of  all  this  removal  in  any  natural  operations  now 
proceeding  within  the  district^  we  find  not  the  shadow  of  any  satisfactory 
explanation  of  that  vast  destruction  of  which  it  has  been  the  scene.  It  is  vain 
to  appeal  to  the  action  of  rivers^  for  in  many  parts  where  the  denudation  has 
been  greatest^  there  is  not  even  a  streamlet^  or  a  single  spring.  The  greatest 
streams  we  have  in  the  district  are  the  two  insignificant  rivulets  of  the  Wey 
and  Bredy*.  It  is  equally  vain  to  appeal  to  meteoric  agents^  for  we  have  a 
measure  of  the  total  amount  of  their  effects  in  the  fragments  accumulated  in 
the  form  of  talus  and  land  slips  at  the  bottom  of  certain  slopes  and  precipices^ 
and  in  a  few  small  accumulations  of  mud  and  sand  in  the  low  grounds. 

The  only  satisfactory  solution  we  can  find  is  in  the  waters  of  a  violent 
inundation^  and  in  these  we  think  we  see  a  cause  that  bears  a  due  ratio  to  the 
effects  that  have  been  produced. 

*  The  only  river  in  the  Vale  of  ViTeyrnouth  is  the  small  stream  of  the  Wey,  which,  rising 
suddenly  at  Upway,  from  a  cross  jfracture  in  the  Portland  beds,  runs  about  five  miles  from  north  to 
south,  mto  the  sea  at  Weymouth,  crossing  nearly  at  right  angles  all  the  different  formations,  as  well 
as  the  hills  and  valleys  that  occur  along  its  course,  and  receiving  only  a  few  tributary  confluents 
from  the  west.  The  Vale  of  Bredy  is  traversed  by  the  small  river  of  that  name,  running  west  from 
the  village  of  Little  Bredy  to  the  sea  at  Burton  Bradstock.  It  is  impossible  to  refer  the  excavation 
of  these  deeply  denuded  valleys  and  the  removal  of  the  broken  strata  to  the  flood  waters  of  such 
streamlets,  or  to  the  agency  of  their  waters  accumulated  into  lakes  by  any  imaginable  series  of 
barriers,  which  the  bursting  of  such  lakes  may  be  supposed  to  have  removed.  The  east  and  west 
portions  of  the  elliptical  valley  of  Sutton  Pointz  offer  a  good  example  of  denudation,  independent 
of  rivers.  The  only  stream  within  this  valley  rises  on  its  northern  side,  upon  the  line  of  the  great 
fault  at  the  base  of  the  chalk  escarpment,  and  running  direct  across  the  shorter  diameter  of  the 
valley,  escapes  through  a  broad  denudation,  which  intersects  the  Portland  stone  that  forms  the 
south  side  of  the  ellipse.  (See  Map,  and  PL  II.  fig.  4.  5.)  We  have  a  measure  of  the  small 
amount  of  the  excavating  power  of  this  streamlet  cooperating  with  meteoric  agents  in  a  ravii^e 
five  or  six  feet  deep,  and  a  few  yards  long,  which  the  water  has  out  in  a  talus  of  chalk  rubble,  in 
which  it  l>egins  its  course.  A  similar  ravine  of  much  greater  length,  and  about  twenty  feet  deep, 
which  occurs  at  the  base  of  the  chalk  escarpment,  on  the  south  of  Wantage,  is  there  cut  through 
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How  far  the  causes  of  this  inundation  maj^  be  connected  with  the  eleyation 
of  the  strata  in  the  immediate  neighbourhood  or  in  distant  regions^  is  a  sub- 
ject which  at  present  we  conceive  it  premature  to  enter  into^  further  than  to 
suggest  that  the  relation  of  the  one  to  the  other  may  possibly  be  nearer  than 
has  been  hitherto  apprehended. 

Diluvium. 

Although  the  excavation  of  valleys  of  denudation^  and  removal  of  broken 
strata  has  been  so  considerable  in  all  this  district^  we  have  no  proportionate 
accumulation  of  extensive  and  continuous  beds  of  gravel.  The  power  and 
rapidity  of  the  currents  which  could  excavate  the  materials  that  filled  such 
enormous  spaces  must  have  been  too  great  to  allow  these  materials  to  subside 
so  near  the  spots  from  which  they  have  been  torn  away,  and  must  have  drifted 
them  far  forwards  into  the  prolongation  of  these  valleys  in  the  bottom  of  the 
English  Channel,  whence  perhaps  many  of  them  may  have  been  cast  up  again, 
and  have  contributed  to  form  the  Chesil  Bank.  The  largest  deposit  of  dilu- 
vium we  have  noticed  is  at  Upway  Street,  four  miles  north  of  Weymouth;  but 
in  smaller  quantities  and  irregular  patches  it  is  disposed  over  the  whole  surface 
of  the  country,  on  the  summits  and  slopes  of  the  hills  as  well  as  in  the  valleys. 

We  have  not  heard  of  many  organic  remains  in  the  diluvium  of  this  district, 
but  the  following  are  sufficient  to  show  their  identity  with  those  found  in 
diluvial  gravel  in  other  parts  of  England.  A  few  years  ago  a  large  rolled 
molar  tooth  of  an  elephant  was  cast  upon  the  Chesil  Bank,  from  the  diluvium 

the  chalk-marl  with  such  regularity  as  to  present  the  uniform  width  and  uniform  grassy  slopes  of 
the  deep  foss  of  a  military  fortification,  and  affords  a  similar  measure  of  the  amount  of  the  power 
of  existing  agents  on  a  substance  of  such  uniform  and  perishable  materials  as  sofl  chalk-marl. 

The  following  list  of  the  temperature  of  springs  in  the  neighbourhood  of  Weymouth  was  taken 
by  Professor  Henslow,  with  a  good  thermometer,  in  the  year  1832 : — 

20th  August.     Well  at  Chesilton,  in  Portland  stone,  near  the  middle  of  the  ascent  in 

the  yard  of  the  Portland  Arms.     A  pump  was  used 54^  0' 

24th  August.     Spring  at  Preston,  by  the  road  side,  in  the  Portland  sand    • 53^  0 

28th  September.   Large  spring  at  Upway,  the  source  of  the  river  Wey,  rising  suddenly 

in  great  force  from  a  cross  fracture  of  the  Portland  rock 51^  0 

20th  Septemper.     Pump  at  Corfe  Castle    52?  5 

20th  September.     Hill  side  (vertical  strata),  half  way  between  Corfe  and  Worbarrow 

Bay,  junction  of  chalk  and  sands • 52^  0 

4tii  September.  Top  of  tieadon  Hill,  Isle  of  Wight :  spring  from  the  upper  freshwater 

formation,  a  few  feet  from  the  summit    50^  0 

5th  September.     Spring  issuing  from  the  sand  rock  under  the  fire-stone  at  Knighton. ... 51^  0 
Where  the  temperature  was  taken  in  pump-water,  it  was  not  done  until  all  the  water  that  had 
filled  the  pipes  was  removed  by  long  pumping. 
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beneath  the  sea^  and  is  preserved  at  Abbotsbury  by  the  Countess  of  Ilchester. 
Near  Bridport  also^  at  the  villages  of  Burton  Bradstock  and  Loders^  the 
gravel  has  afforded  the  remains  of  elephants  and  other  terrestrial  quadrupeds. 
In  the  gravel  that  crowns  the  cliffs  of  lias^  near  the  church  of  Lyme  Regis^ 
many  teeth  of  rhinoceros  have  been  founds  and  portions  of  the  tusks  of 
elephants ;  and  lastly^  the  cliff  at  the  south  termination  of  the  valley  of  Char- 
mouthy  where^  as  at  Lyme^  the  lias  is  covered  with  a  cap  of  diluvium^  has 
afforded  several  nearly  perfect  tusks  of  elephants  which  tumble  from  the 
summit  and  get  mixed  with  the  debris  of  lias^  when  masses  of  the  cliff  are 
undermined^  and  fall  down  on  the  sea  shore.  A  tusk  nine  feet  eight  inches 
long^  from  the  gravel  of  this  cliffy  was  some  years  ago  in  the  collection  of 
Mr.  De  la  Beche^  and  is  now  in  the  Museum  of  the  Geological  Society*. 
Two  molar  teeth  of  elephant^  one  weighing  twelve  the  other  thirteen  pounds^ 
were  found  in  this  same  cliffy  in  December  1832. 

Conclusion. 

We  shall  conclude  with  pointing  out  the  following  general  results  that 
appear  deducible  from  the  facts  we  have  been  considering.  We  conceive 
that  we  have  before  us  sufficient  evidence  of  the  following  succession  of 
changes  in  the  state  of  that  small  portion  of  England  which  occupies  the  coast 
of  Dorsetshire.  They  are  analogous  to  those  deduced  by  Mr.  Mantell  from 
the  phenomena  he  has  described  in  the  weald  of  Sussex. 

1st,  We  have  a  succession  of  marine  deposits,  continuous  from  the  Has  up- 
wards through  the  oolites,  and  terminating  in  the  deposition  of  the  Portland 
stone ;  during  the  period  of  all  these  formations  our  district  must  have  been 
the  bottom  of  an  ancient  sea  :  the  presence  of  the  remains  of  trees  in  the 
oolite  and  lias  shows  that  land  existed  probably  at  no  great  distance  from  this 
sea;  it  is  also  probable  that  the  waters  were  not  very  deep,  in  which  Plesiosauri 
were  so  abundant  as  they  must  have  been,  to  supply  such  numerous  remains 
as  we  find  imbedded  in  the  lias  at  Lyme. 

Sndly,  The  bottom  of  this  sea  appears  for  a  certain  time  to  have  become 
dry  land,  and  whilst  in  this  state,  to  have  been  covered  with  a  forest  of  large 
coniferous  trees,  and  of  Cycadeoideous  plants  that  indicate  a  warm  climate. 
We  have  a  measure  of  the  duration  of  this  forest,  in  the  thickness  of  decayed 
vegetable  matter  and  soil,  which  has  accumulated  more  than  a  foot  of  black 
earth  around  the  roots  of  these  trees.  The  regular  and  uniform  preservation 
of  this  thin  bed  of  black  earth  over  a  distance  of  so  many  miles^  shows  that 

*  See  Geological  Transactions,  Second  Series,  vol.  i.  p.  421 — iZ2. 
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the  change  to  the  next  state  of  things  was  quiet  and  gradual ;  since  the  trees 
that  lie  prostrate  on  this  black  earth  would  have  been  swept  away  hud  there 
been  any  violent  agitation^  or  sudden  irruption  of  water. 

3rdiy^  The  dry  land  on  which  this  forest  grew  became  converted  to  some- 
thing like  an  estuary^  in  which  the  lowest  deposits  contain  freshwater  shcdls ; 
these  are  succeeded  by  a  thick  bed  of  oyster  shells^  and  above  the  oyster  bed  are 
strata  containing  an  admixture  of  freshwater  shells  with  shells  that  are  marine. 

We  have  evidence  that  this  formation  extended  eastward  from  what  is  now 
the  coast  of  Dorset^  through  the  Isle  of  Wight  to  the  eastern  extremity  of  the 
weald  of  Kent ;  but  of  the  boundaries  of  this  supposed  estuary  we  have  not 
the  slightest  indication  beyond  that  which  is  afforded  by  the  existing  deposits 
of  Purbeck  and  Wealden  freshwater  formations. 

The  occurrence  of  the  Purbeck  strata  reposing  on  the  Portland  stone  at 
Lady  Down  near  Tisbury^  on  the  west  of  Salisbury^  in  a  position  directly 
north  of  the  Isle  of  Purbeck^  at  the  distance  of  about  thirty  miles^  renders  it 
probable  that  the  breadth  of  the  estuary  in  this  part  extended  over  the  inter- 
mediate portions  of  Dorset  and  Wilts^  which  are  now  covered  up  with  chalk. 

4thly^  We  have  a  return  of  the  sea  over  our  estuary ;  and  in  this  sea  an 
accumulation  of  the  successive  and  thick  marine  deposits  which  constitute  the 
greensand  and  chalk  formations. 

5thly^  We  have  in  the  Isle  of  Wight  a  reappearance  of  freshwater  deposits 
mixed  and  alternating  with  others  that  are  marine^  through  the  next  great 
periods  of  the  tertiary  formations. 

6thly^  All  these  deposits  appear  to  have  been  succeeded  by  a  tremendous 
catastrophe^  producing  elevations^  depressions^  and  contortions  of  the  strata ; 
and  intersecting  them  with  enormous  faults. 

7thly^  These  movements  of  the  land  have  been  succeeded  by  inundations, 
competent  to  excavate  the  valleys  of  denudation^  and  partially  to  overspread 
the  country  with  diluvial  gravel. 

8thly^  This  denudation  has  been  followed  by  a  state  of  tranquillity^  which 
has  remained  undisturbed  to  the  present  hour. 


II.--— Introduction  to  the  general  Structure  of  the  Cumbrian  Mountains; 
with  a  Description  of  the  great  Dislocations  by  which  they  have 
been  separated  from  the  neighbouring  Carboniferous  Chains. 

By  the  Rev.  ADAM  SEDGWICK,  V.P.G.S.  F.R.S.  Ac. 

(WOODWARDIAN    PROFESSOR   IN   THE   UNIVERSITY    OF  CAMBRIDGE.) 

[Read  January  5,  1831.] 

§  I.    Introduction. 

I  HOPE,  in  a  series  of  communications,  of  which  this  may  be  considered 
the  introduction,  to  lay  before  the  Society  the  results  of  observations  made 
principally  during  the  summers  of  1822,  1823,  and  1824,  among  the  Cumbrian 
mountains,  and  the  neighbouring  districts  of  the  North  of  England.  All  the 
central  portions  of  the  region,  I  propose  hereafter  to  describe  in  detail,  is 
composed  of  rocks  of  a  date  anterior  to  the  old  red  sandstone,  but  its  outskirts 
are  covered  by  deposits  chiefly  of  the  carboniferous  order.  On  the  west  side 
it  is  washed  by  the  Irish  Sea ;  and  on  the  east  it  presses  against,  and,  in  part, 
blends  itself  with,  the  great  calcareous  chain  which  forms  the  separation  of  the 
waters  descending  to  the  coasts  of  Lancashire  and  Yorkshire.  To  the  north  it 
is  prolonged,  through  an  unbroken  zone  of  mountain  limestone,  into  the  plain 
of  the  new  red  sandstone,  stretching  down  the  vale  of  the  Eden ;  to  the  south 
it  sinks  towards  the  shores  of  Morecombe  Bay,  and  terminates  in  a  succession 
of  flat-topped  elevations,  crowned  with  precipices  of  mountain  limestone — the 
remains  of  a  calcareous  ridge,  once  undoubtedly  continuous  from  the  higher 
part  of  the  valley  of  the  Kent  to  the  southern  extremity  of  Cumberland. 

It  follows,  from  this  description,  and  will  be  still  more  clearly  seen  by  a 
glance  of  the  eye  over  the  north-west  part  of  the  geological  map  of  England*, 
that  the  circular  cluster  of  the  mountains  here  described,  presents,  through 
the  greater  portion  of  its  circumference,  a  nearly  unbroken  band  of  mountain 
limestone;  and  on  whatever  side  it  is  approached,  we  are  struck  with  the 
tameness  of  the  outline  of  every  portion  of  the  calcareous  zone,  when  con- 
trasted with  the  fine  serrated  peaks  of  the  loftier  and  more  central  elevations. 

*  A  new  edition  of  Mr.  Greenough's  Geological  Map  of  England  is  now  in  progress,  and  will 
be  sbordy  published. 
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From  some  of  the  ridges  in  the  range  of  Cross  Fell^  the  eye  takes  in^  at 
one  view^  the  greatest  part  of  the  northern  calcareous  zone.  Seen  from  that 
distance^  all  its  minor  inequalities  disappear^  and  I  have  often  fancied  that  it 
resembled  a  portion  of  a  great  semicircular  redoubt  formed  near  the  base  of 
the  older  hills^  and  presenting  a  long,  sweepings  irregular  glacis  towards  the 
valley  of  the  Eden.  On  a  nearer  approach^  an  illusion  of  this  kind  must  ne- 
cessarily vanish^  and  I  only  mention  it  in  this  place  to  convey  a  general  idea 
of  the  external  characters  of  the  district^  and  of  the  relations  of  the  great 
formations  to  each  other. 

On  the  eastern  side  of  the  region^  where  the  older  rocks  abut^  as  above 
described^  against  the  great  central  calcareous  chain^  the  contrast  of  external 
forms  is  perhaps  still  more  striking.  The  calcareous  mountains^  though  some* 
times  cut  down  into  mural  precipices^  and  having  individual  features  of  the 
greatest  beauty,  and^  though  rising  to  such  an  elevation  as  to  overlook  the 
more  ancient  formations  in  their  immediate  neighbourhood^  seldom  exhibit 
any  grandeur  of  outline^  and  in  consequence  of  the  horizontal  position  of  their 
beds,  often  terminate  in  great  featureless  and  somewhat  tabular  masses.  On 
the  contrary,  the  greywacke  hills  on  the  confines  of  Yorkshire  and  West- 
moreland have  their  sides  worn  down  into  deep  combes  and  irregular  sinuosi- 
ties, and  sometimes  rise  into  sharp  angular  crests^  forming  outlines  of  great 
variety  and  beauty. 

Within  the  calcareous  zone  above  described  are  several  extensive  masses 
of  granite,  syenite,  and  porphyry ;  but  the  greatest  part  of  the  region  is  occu- 
pied  by  stratified  deposits  of  a  slaty  texture,  which  may  be  subdivided  into 
four  distinct  formations.  1st,  Various  crystalline  slates,  resting  immediately 
on  the  granite  of  Skiddaw  Forest^  and  forming  the  base  of  the  whole  stratified 
series.  2nd,  Black  glossy  clay-slate,  sometimes  passing  into  greywacke^  but 
containing  no  calcareous  beds,  and  no  organic  remains.  3rd,  Green  quartzose 
roofing  slate,  associated^  in  every  variety  of  complication,  with  felspathic  rocks 
of  porphyritic  structure.  This  formation  contains  many  beds  effervescing 
briskly  when  first  plunged  in  acids ;  but  it  contains  no  continuous  bed  de- 
serving the  name  of  limestone,  and  no  organic  remains.  4thly^  Greywacke 
slate,  often  more  or  less  calcareous^  and  having  subordinate  beds  passing  into 
impure  limestone,  full  of  organic  remains. 

We  owe  our  first  accurate  knowledge  of  these  subdivisions  to  Mr.  J.  Otley 
of  Keswick,  who  not  merely  described  them  in  general  terms,  but  gave  their 
geographical  distribution  with  a  very  near  approximation  to  accuracy*. 

*  See  an  early  Number  of  the  "  Lonsdale  Magazine/'  and  "  A  Guide  to  the  English  Lakes,"  b  j 
Jonathan  Odey  of  Keswick. 
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.  In  subsequent  communications  I  hope  to  prove :  Ist^  That  the  crystalline 
unstratified  masses  form  the  true  geological  centres  of  the  mountain  groups ; 
and  that  by  their  protrusion  the  schistose  formations  have  been  elevated  into 
the  position  they  now  occupy.  Sndly^  That  a  true  mineralogical  axis  may  be 
traced  through  the  inferior  divisions  of  the  slate  rocks  on  each  side  of  which 
the  successive  formations^  as  far  as  they  are  clearly  developed^  are  arranged 
symmetrically.  Srdly^  That  the  beds  of  these  formations,  when  we  exclude 
irregularities  arising  from  local  causes^  have  a  nearly  constant  strike  from 
a  few  degrees  north  of  magnetic  east  to  a  few  degrees  south  of  magnetic  west. 
And^  lastly^  That  all  these  peculiarities  of  structure  and  position  originated 
in  causes  brought  into  action  at  a  period  anterior  to  the  existence  of  the  old 
red  sandstone. 

On  these  several  subjects  I  wish^  for  the  present,  to  avoid  any  further  de- 
tails :  I  may,  however,  be  permitted  so  far  to  anticipate  the  materials  of  a 
future  communication  as  to  describe  the  range  of  the  remarkable  calcareous 
beds^  interposed  between  the  green  quartzose  roofing  slate  and  the  grey  wacke 
slate.  Such  a  description  will  place  in  a  clear  point  of  view  the  kind  of  evi- 
dence by  which  we  determine  the  strike  of  the  slaty  masses^  and  will  at  the 
same  time  make  us  acquainted  with  a  succession  of  dislocations  which  have 
considerably  modified  the  external  forms  of  the  Cumbrian  mountains.  It  will 
also  form  a  natural  introduction  to  the  description  of  a  second  system  of  dis- 
locations, by  which^  at  a  later  geological  epoch,  these  older  mountain  groups 
were  snapped  off  from  the  central  carboniferous  chain^  and  brought  into  their 
present  almost  insulated  position. 

%  S.  Range  of  a  hand  of  Limestone  and  Calcareous  Slate,  between  the 
Quartzose  Green  Slate  and  the  Greywack6  Slate,  Sgc.  Sgc.* 

This  band  is  full  of  organic  remains,  and  is  separated  by  masses  of  enor- 
mous thickness  from  all  other  calcareous  strata  with  which  it  could  possibly 
be  confounded  :  moreover,  it  occupies^  as  before  stated,  a  place  intermediate 
between  two  entirely  distinct  formations.  Hence^  although  varying  in  thick- 
ness from  30  or  40  to  200  or  300  feet,  it  can  be  easily  followed ;  and  in  the 
places  where  its  continuity  has  been  broken  by  great  internal  movements,  we 
can  generally,  in  imagination,  reunite  the  disjointed  portions,  and  calculate 
the  amount  of  their  dislocation,  without  running  the  very  common  risk  of  mis- 
taking one  bed  for  another. 
.    The  most  western  appearance  of  the  limestone  is  at  Beck^  a  farm  in  the 

•  See  Plate  IV. 
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division  of  Cumberland  called  Millam.  Thence  it  ranges  through  Com  Park^ 
over  the  Knot^  into  the  Low  House  grounds ;  and^  after  crossing  a  marshy 
reappears  in  the  same  range  above  Water  Blain^  and  terminates  at  the  foot  of 
the  village  called  Hill^ — the  mean  bearing  of  the  beds  in  the  whole  of  this 
range  being  about  north-east  by  east^  and  the  dip  south-east  by  south* 

Here  we  lose  all  trace  of  the  limestone ;  but  after  ascending  several  miles 
up  a  rivulet^  we  find^  immediatdy  above  Graystone  House^  among  the  hills 
to  the  east  of  Duddon  Bridge^  a  bed  of  limestone^  identical  in  dip  and  range 
with  the  one  we  had  left  behind.  Moreover^  the  Graystone  House  limestone 
is  very  nearly  in  the  exact  prolongation  of  the  band  of  transition  limestone  on 
the  other  side  of  the  Duddon.  Hence  we  may  conclude  that  the  Graystone 
House  and  Water  Blain  limestones  belong  to  the  same  formation^  and  have 
been  severed  by  an  enormous  faulty  descending  nearly  in  the  direction  of  the 
valley  of  Hallthwaite.  The  quantity  of  dislocation  estimated  in  the  direction 
of  a  perpendicular  to  the  two  parallel  lines  of  bearing  cannot  be  less  than  two 
miles*. 

Such  a  disruption  of  great  mountain  masses  is  not  a  little  startling  to  the 
imagination ;  but  I  may  state^  by  way  of  explanation^  that  many  of  the  neigh- 
bouring mountains  are  penetrated  by  dykes  of  porphyry  and  syenite^  probably 
of  the  date  of  the  eruption  of  the  Bootle  granite,  and  that  the  whole  region 
of  Black  Comb^  which  belongs  to  the  oldest  slate  formation^  has  probably  at 
the  same  period  been  thrust  out  of  the  bowels  of  the  earth,  and  elevated  into 
a  position  out  of  all  symmetry  with  the  structure  of  the  neighbouring  region. 
The  country  between  Millam  and  Duddon  Bridge  is,  therefore,  one  where  we 
ought  to  look  for  the  evidence  of  enormous  dislocations ;  and  this  evidence  is 
placed  before  us  in  the  most  impressive  manner  by  that  break  in  the  con- 
tinuity of  the  limestone,  and  that  great  lateral  movement  which  I  have  just 
described. 

The  beds  of  the  Graystone  House  limestone  would,  in  their  prolongation, 

*  It  is  right  to  state  that  there  is  a  difficulty  in  identifying  the  Graystone  House  and  Water 
Blain  limestone,  arising  out  of  the  mineral  character  of  the  overlying  slates.  In  general  we  can 
easily  separate,  even  by  hand  specimens,  the  greywacke  slate  of  the  highest  group  from  the 
green  slate  under  the  limestone.  But  at  Graystone  House  this  is  not  possible,  as  the  overljring 
slates  are  in  structure  almost  identical  with  those  of  the  inferior  group.  Hence  some  one  might 
conclude  that  the  Graystone  House  limestone  formed  no  part  of  the  calcareous  band  described 
above,  but  was  an  accidental  mass  subordinate  to  the  series  of  the  lower  green  slate.  There  is  not, 
I  think,  much  force  in  the  objection;  for  there  are  other  places  where  portions  of  the  two  slate  groups 
cannot  be  mineralogically  distinguished :  and,  after  all,  it  merely  shifts  the  difficulty,  as  we  shall  have 
(on  this  supposition)  to  interpolate  an  enormous  fault,  somewhere  on  the  line  of  the  Duddon,  in  order 
to  explain  the  position  of  the  corresponding  calcareous  bands  on  the  opposite  sides  of  the  river. 
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strike  the  south  end  of  the  range  of  hills  on  the  north-east  side  of  the  Daddon ; 
the  limestone  is  not^  however^  found  in  those  hills^  but  appears^  with  its  usual 
characters^  and  the  same  mean  line  of  dip  and  strike^  in  the  lowlands  on  the 
east  side  of  the  ridge.  From  this  I  conclude  that  a  break  of  the  strata  passes 
down  the  valley  of  the  Duddon^  accompanied  with  a  lateral  movement^  not 
however  comparable  in  extent  to  the  one  last  noticed.  The  further  range  of 
the  limestone  is  well  defined  by  the  following  localities^  viz.  Hartley  Ground, 
Lum  Holm,  Broughton  Mill,  and  thence  up  the  bed  of  the  river  to  Stock- 
beck*.  The  limestone  preserves  an  undeviating  strike  and  dip;  and  in 
consequence  of  the  sinuosities  of  the  channel,  is  seen,  here  and  there,  above 
the  mill,  on  different  sides  of  the  river.  At  Stockbeck  the  river  bifurcates, 
and  the  limestone  runs  along  the  north-west  side  of  the  eastern  branch,  close 
to  Appletreethwaite,  where  there  is  a  transverse  fault,  throwing  the  pro^ 
longation  of  the  limestone,  about  a  hundred  yards  further  to  the  north.  This 
apparently  lateral  movement  has  no  effect  on  the  direction  of  the  beds,  which 
preserve  an  almost  perfect  parallelism ;  but  it  produces  a  slight  deviation  in 
the  direction  of  the  rivulet. 

From  Appletreethwaite  the  limestone  continues  its  course  (about  70^  or 
75^  east  of  magnetic  north),  and  making  a  very  slight  deflection  to  the  north- 
east, passes  on  that  side  of  Ash  Gill  quarries.  Thence  ranging  over  Torver 
Fell^  and  across  the  rivulet,  it  passes  along  the  line  of  the  Seathwaite  road, 
and  reaches  one  of  the  flanks  of  CJoniston  Old  Man ;  up  which  it  rises  to  a 
considerable  elevation,  and  in  a  plane  nearly  parallel  to  the  steep  side  of  the 
mountain.  On  reaching  the  north  side  of  Broadway  Beck  (one  of  the  streams 
descending  from  the  mountain),  the  limestone  is  again  cut  off  by  a  great 
transverse  fault,  which  appears  to  throw  it  to  a  point  about  300  yards  south- 
east of  its  line  of  bearing. 

After  reappearing  in  Scrow  pastures,  it  ranges  through  a  wood,  descends 
down  the  north  side  of  Mealy  Gill,  passes  close  to  Old  Mill,  south  of  Silverbank, 
and  thence  close  to  the  road,  and  at  the  foot  of  a  great  precipice,  to  Low 
Yew  Dale,  from  which  place  it  is  prolonged  across  the  low  grounds  to  a  point 
dose  to  Yew  Tree.  Here  it  is  cut  off  by  the  great  precipice  of  Raven  Crag, 
and  a  vast  transverse  fault  has  pushed  whole  mountain  masses  of  green  slate 

*  There  can  be  no  doubt  of  the  identity  of  the  Millam  limestone  with  that  which  ranges  through 
the  places  enumerated  in  the  text  Hence  (though  the  Graystone  House  limestone,  in  consequence 
of  the  difficulty  alluded  to  in  the  preceding  note,  be  excluded  from  the  range),  we  must  at  least 
suppose  that  the  Water  Blain  and  Hill  limestone  bands  were  once  continuous  with  that  of  Hartley 
Ground.  But  this  supposition  is  quite  incompatible  with  the  general  strike  of  the  beds,  unless,  as 
stated  m  the  preceding  note,  we  interpolate  an  enormous  fault  along  the  line  of  the  Duddon. 
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and  felspathic  rock  so  for  out  of  their  line  of  bearings  that  we  are  compelled 
to  make  a  southern  traverse  to  a  knoll  above  Coniston  Hall  (a  distance  of  more 
than  a  mile)^  before  we  can  discover  the  broken  ends  of  the  beds  of  lime- 
stone. The  line  of  fault  appears  to  be  prolonged  down  the  valley^  nearly  in 
the  direction  of  Coniston  Water  Head. 

From  the  knoll  above  mentioned  the  limestone  ranges^  with  a  slight  devia- 
tion from  its  mean  direction^  through  the  hills  which  overlook  the  Tarns^  and 
descends  to  a  point,  close  to  the  separation  of  the  Skelwith  and  Ambleside 
roads.  Here  the  great  masses  of  green  slate,  which  had  before  encroached 
on  the  strike  of  the  beds,  are  suddenly  thrown  back  at  Pool  Beck  Scar,  and 
the  limestone  beds  are  cast,  at  a  single  heave,  about  a  mile  and  a  half  to  the 
north  of  their  former  line  of  direction.  This  enormous  fault,  though  it  pro- 
duces a  considerable  influence  on  the  configuration  of  the  neighbouring 
country,  is  in  one  respect  an  exception  to  a  general  rule,  inasmuch  as  its  di- 
rection is  not  marked  by  any  valley. 

In  this  part  of  the  range  the  country  is  much  covered  with  alluvial  matter ; 
but  the  continuation  of  the  line  is  nearly  defined  by  the  lime  quarries  of 
Holmes  House,  the  beds  under  Pool  House,  and  the  old  limeworks  on  the  north 
shore  of  Pool  Wyke.  Seen  from  Pool  Wyke  the  quarries  of  transition  lime- 
stone on  the  east  shore  of  Windermere  are  not  mure  than  10^  north  of  true 
east ;  but  had  they  been  on  the  prolongation  of  the  mean  line  of  range,  they 
would  have  appeared  about  35^  north  of  the  same  point.  From  this  we 
may,  I  think,  conclude,  that  there  has  been  a  break  between  the  opposite 
shores  of  the  lake — that  the  beds,  on  the  east  side,  have  had  a  considerable 
movement  towards  the  south — and  that  the  valley  of  Windermere,  like  all  the 
other  great  valleys  cutting  through  the  limestone  range,  has  been  scooped  out 
upon  a  line  of  fracture. 

From  the  quarries  about  400  yards  above  Low  Wood  Inn,  on  the  east 
shore  of  Windermere,  the  limestone  beds  range  through  the  woods,  and  pass 
just  under  Dove  Nest,  and  on  the  north  side  of  High  Skelgill,  near  which 
place  they  are  expanded  over  a  considerable  surface,  the  rise  of  the  mountain 
side  being  nearly  parallel  to  the  plane  of  stratification.  They  are  prolonged 
in  a  direction  a  few  degrees  north  of  magnetic  east,  through  the  extreme 
ramifications  of  the  rivulet  which  runs  down  to  Low  Wood,  and  thence  to  the 
top  of  the  hill  overhanging  the  village  of  Troutbeck.  From  this  point  the 
range  of  the  limestone  on  the  opposite  side  of  the  valley,  near  the  high  pass 
leading  to  Kentmere,  is  distinctly  visible,  and  bears  about  15°  south  of  mag- 
netic east.  Now  this  change  of  bearing  is  exactly  the  opposite  to  that  which 
might  have  been  expected;  especially  after  remarking  the  great  elevation  of 
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-the  pass  before  mentioned  :  for  the  beds  being  all  inclined  at  a  great  angle, 
and  rising  to  the  north-west,  we  have  reason  to  look  for  the  most  northern 
portions  of  their  range  at  the  points  of  highest  elevation.  This  fact  makes 
the  change  of  bearing  above  mentioned  still  more  striking,  and  convinced 
me,  before  I  descended  from  the  hill,  that  there  was  a  great  fault  ranging 
down  the  valley  of  Troutbeck. 

On  this  subject  we  are  not  left  to  mere  inference,  for  the  limestone  beds 
descend  the  hill  on  the  north  side  of  the  village,  range  through  a  point  about 
150  yards  above  the  junction  of  the  two  roads,  and  are  traced  to  a  small 
coppice  near  the  river  side,  called  Intake  Wood.  Near  that  place  they  are 
cut  off  by  a  foult  ranging  down  the  river,  which  has  caused  a  great  movement 
towards  the  south  in  the  whole  system  of  beds  on  the  opposite  side  of  the 
^Ttlley*  We  are  therefore  compelled  to  descend  about  three  quarters  of  a  mile 
before  we  can  catch  the  broken  ends  of  the  beds  we  have  left  behind. 

After  being  concealed  in  the  alluvion  of  the  valley,  the  beds  again  break 
out  behind  Line  Foot,  and,  ascending  rapidly  towards  the  north,  with  the 
inclination  of  the  hill,  pass  for  some  way  on  the  north  side  of  the  Kentmere 
road.  At  the  top  of  the  hill  they  range  on  the  south  side  of  the  road,  in  a 
direction  difficult  to  ascertain  in  such  uneven  ground,  but  approaching  mag- 
netic east.  In  descending  the  hill  towards  Kentmere  Hall  they  appear  to  be 
dislocated,  and  shattered  by  a  complication  of  faults,  and  one  great  mass  ranges 
down  the  brow,  in  a  direction  about  45°  east  of  magnetic  south.  This  very 
anomalous  bearing  is  accounted  for  partly  by  the  movements  of  dislocation, 
and  partly  by  the  great  angle  of  dip  and  inclination  of  the  surface.  Another 
disjointed  mass  of  limestone  ranges  nearly  in  the  mean  bearing  behind  the 
Hall^  but  is  cut  off  by  a  fault  before  it  reaches  the  chapel.  Lastly,  the  beds 
in  regular  order,  beyond  (he  faulty  ground,  cross  the  rivulet  (with  their  usual 
dip  and  strike)  about  400  yards  above  the  bridge,  through  the  fields  of  Head 
Liane  farm. 

From  this  place  the  beds  rise  into  a  ravine  in  the  edge  of  Pike  How,  and 
thence  over  the  top  of  the  hill,  through  a  point  about  200  yards  south  of  the 
mountain  road  to  Long  Sleddale,  and  so  down  the  bill  to  a  place  called  Till's 
Hole.  By  taking,  from  Till's  Hole,  the  bearing  of  the  corresponding  beds  on 
9he  other  side  of  Long  Sleddale,  we  find  that  the  limestone  strikes  the  oppo- 
site hills  at  a  point  several  degrees  out  of  its  previous  bearing ;  which  fact  pro- 
bably indicates  the  passage  of  a  fault  also  down  this  valley.  Everything  is 
ftiowever  obscured  by  alluvion  near  the  banks  of  the  river ;  and  if  there  be 
^^ny  shift  of  position  among  the  mineral  masses  in  their  strike  across  the  valley, 
mt  must  be  of  comparatively  small  extent. 
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Oh  Mm  oitut  nido  of  Long  Sleddale  the  beds  of  limestone  are  seen  crossing 
H  I'lvulnt*  iibout  ilOO  yiirds  above  the  houses  called  Little  London ;  and  from 
I  but  plitr.o  they  inuy  bo  traced  up  the  southern  branch  of  the  same  rivulet  (called 
Iron  ( Vow  (illl)i  for  nearly  half  a  mile^  in  a  direction  about  north-east  by  east. 
'V\w)/  lliitii  diMnppeiir  under  great  accumulations  of  turf-bog^^  and  aUuvial  matr 
li«r«  NMil  nm  not  tiKiiin  Hern.  Some  peculiar  felspathic  rocks  on  which  they 
ivnt,  Mtid  Nonic  Ihirk  Itods  of  blue  flagstone^  by  which  they  are  sarroounted, 
iiMiy  liowi^Vdr  btt  Imerd  tlmuigh  a  morals  on  the  top  of  the  mountain :  there 
vm\,  llii«ri»lorii,  bo  little  doubt  that  the  limestone  beds  are  abo  continued  past 
IliM  iiorlli  nidi*  tif  a  hill  called  Li>rd's  Seat,  and  thence  into  the  torf-bogs  oo 
Ihn  ihinI  n\\\p  of  YarUid«  CVag.  lo  a  place  not  more  than  a  mile  and  a  half 
IVnni  WaMdalc^  Head. 

I  lad  lli(«  «v»li^i  tUP  Mvmta  mel  with  no  intemiption^  il  woeld^  after  a  fiuther 
riini^i^  of  alHuil  ftmr  laiKNk  hav«  abnttefi  against  the  none  of  monntain  lime- 
Moni^i  II  Us  hi\yft^\Ws  cul  ^by  a  gtrent  bo»  of  gnnile»  wUck  kas  denized 
llio  ii^l^livfi^  iHwttHm.  aii4  diaiigfd  die  asinenl  stracnure  of  al  Ike  neigUionr- 
In^^  hM'U  i  iV^^m  wkkk  w^  anay.  1  ilunk«.  mAIt  OMdnde^  time  Ike  gnnile  of 
\VH«ldak^  IIm4  l[<iMaaimiilv  <oif4  Skap  $nnte 
piMiil(iu\  till  n^MNH^  |y{4ii>ijl  4A«r  ike  fettwiiwin  of 

I  lm\i^  bM^  Iki^  Whw^  laiiaiwN  in  ikow-  AtfaiJt 
\\\  iMilalvlUK  a  MSt^  ^mT  iiiay«ta»i  facts  in  ike  jeolngioal  kimsgy  of  tke 

f\>>*».    T^v  HV^^  ikM  aft  a  ^w  OMieM  <f«^dk. 

(M  lUv^>al  )MN^  V4^  <4^(0tMI^  irrMI  <itrtl:^ 

« «M^(^v  ^vC  iW  ^^\iiiaT>atk  o^iyiWfiwjiioii  V%  j 

(^'i>^Mi^\'^A  tW  >N<%>  ih)  Miw  vnliri^V  N^iar  «lie  jciniiyail 
\^\^s^^t^<^  lASHM^  i^«aiii7it$^  jit  jamt^  ^^  ;ttir  ««tiaMamaiM.  m 
iW  ^^^  ^>^^Ni^  ^"  :^»>¥V4;     k  k  wc  ibtwowt  iwinoiir 
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assume  that  similar  effects  have  been  produced  by  similar  causes  acting  within 
a  very  limited  region.  And^  if  this  hypothesis  be  admitted^  we  can  advance 
a  step  further^  and  point  to  the  probable  origin  of  these  great  diverging 
fissures :  for  the  valleys  start  from  a  central  region^  which  is  violently  broken^ 
where  the  dip  and  range  of  the  stratified  masses  is  unsymmetrical^  and  which 
is  marked  by  protruding  mountains  of  granite  and  syenite. 

Secondly,  Notwithstanding  the  great  dislocations  of  the  masses  of  green 
slate  and  porphyry^  forming  the  support  of  the  limestone^  there  is  hardly  any 
instance  in  which  they  are  bent  and  contorted.  After  seeing  the  violent  contor- 
tions of  some  portions  of  the  other  slate  systems  of  the  region^  this  fact  might 
appear  inexplicable ;  but  we  find  a  solution  of  our  diflBculty  in  the  enormous 
irregular  masses  of  hard  unbending  felspathic  and  porphyritic  rocks^  im- 
bedded in^  and  so  intimately  mixed  with^  the  green  quartzose  slate^  that  we 
in  vain  seek  to  separate  the  formations  from  each  other.  If^  then^  we 
admit  the  igneous  origin  of  the  porphyries^  in  what  way  can  we  account  for 
the  accompanying^  and  apparently  almost  contemporaneous^  deposits  of  stra- 
tified chbritic  slate  ?  I  know  no  explanation  so  probable  as  that  which  sup- 
poses Igneous  and  aqueous  causes  to  have  acted  together — the  porphyries 
to  have  been  produced  by  some  modification  of  submarine  igneous  action — 
and  the  chloritic  slates  to  have  been  deposited  from  the  waters  in  the  same 
region^  and  in  the  same  periods  of  time :  the  first  operation  supplying^  at 
least  in  part^  the  materiak  for  the  second^  and  similar  operations  being  many 
times  repeated. 

Thirdly.  The  previous  details  enable  us  clearly  to  determine  the  mean  line 
of  bearing  of  the  whole  system  of  stratified  rocks  associated  with  the  lime- 
stone ;  and  this  line  makes  the  schistose  masses^  one  after  the  other^  to  abut 
against  the  carboniferous  zone.  This  fact  alone  proves  that  the  older  and 
newer  systems  are  entirely  unconformable — a  conclusion  confirmed  by  all  the 
sections  which  connect  the  slate  rocks  with  the  calcareous  zone. 

Again  :  There  is  no  gradation  between  the  two  systems ;  their  position  is 
not  only  unconformable^  but  the  transition  from  one  system  to  the  other  is 
instantaneous.  Masses  of  red  conglomerate  are  found  here  and  there^  near 
the  base  of  the  older  mountains^  resting  upon  the  edges^  and  filling  up  the 
inequalities  of  the  component  strata^  and  upon  these  conglomerates  are  depo- 
sited the  lower  beds  of  the  carboniferous  limestone.  These  facts  seem  to 
prove^  that  the  elevation  of  the  cluster  of  mountains  of  Cumberland  was  sud* 
den  (which  seems  to  be  almost  implied  by  the  great  faults  and  dislocations 
above  described^  as  well  as  by  the  regularity  of  the  lines  of  bearing)^  and  that 
all  those  causes  which  produced  the  elevation  of  the  older  strata^  and  deter- 
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mined  their  line  of  bearings  had  ceased  to  act  before  the  completion  of  the 
old  red  conglomerates. 

In  the  region  above  described  there  is  no  connexion  between  the  direction 
of  the  valleys  and  the  mean  line  of  bearing  of  the  formations ;  and  one  of  the 
means  successfully  used  by  M.  Elie  de  Beaumont  in  grouping  together  distant 
mountain  chains^  would^  in  this  instance^  entirely  fail  us.  I  do^  however^  think 
that  the  leading  doctrine  of  the  Essay  on  the  Epochs  of  Elevation  (viz.^  that 
mountain  chains  elevated  at  the  same  period  of  time  have^  even  when  widely 
separated  from  each  other^  a  general  parallelism  in  the  bearing  of  their  comr 
ponent  strata)^  receives  a  strong  confirmation  from  the  position  of  the  older 
formations  of  the  British  Isles. 

It  is  now  generally  allowed  that  the  old  chains  of  mountains^  mainly  com- 
posed of  clay-slate  and  grey  wacke^  which  give  so  great  an  impress  to  the 
physical  character  of  this  island  (viz.,  the  chains  of  C!omwall^  of  North  Wales, 
of  the  Isles  of  Man  and  Anglesea,  of  Cumberland,  of  Lannermuir,  including 
the  whole  range  from  St.  Abb's  Head  to  the  Mull  of  Galloway,  &c.  &c.),  are 
nearly  of  the  same  age,  and  were  probably  all  elevated  before  or  during  the 
period  of  the  old  red  sandstone.  Now  if  a  line  be  drawn  along  the  axis  of 
the  Cornish  chain  ;  a  second  parallel  to  the  prevailing  ranges  of  the  higher 
Welsh  mountains,  as  laid  down  in  Mr.  Greenough's  map;  a  third  in  the  direc- 
tion of  the  strata  of  Anglesea ;  a  fourth  in  the  axis  of  the  grey  wacke  chain  of 
the  Isle  of  Man  ;  and  a  fifth  from  St.  Abb's  Head  to  the  Mull  of  Galloway ; 
all  these  lines  will  make  a  near  approach  to  parallelism  with  the  line  of  bearing 
in  the  system  of  the  Cumbrian  mountains,  as  established  by  the  previous  details. 
Is  this  parallelism  accidental  ?  I  am  unwilling  to  believe  it ;  and  although 
there  are  even  in  England  some  remarkable  exceptions  to  this  arrangement, 
I  think  that  the  facts  here  stated  afford,  as  far  as  they  go,  a  confirmation  of 
that  principle  on  which  are  founded  many  of  the  bold  generalizations  of  the 
extraordinary  essay  of  M.  Elie  de  Beaumont,  to  which  I  have  alluded. 

§  3.    On  the  Great  Dislocations  by  which  the  Cumbrian  Mountains  became 

separated  from  the  Central  Carboniferous  Chain,  Sgc. 

The  internal  movements  which  produced  the  derangement  of  the  groups 
of  strata  described  in  the  preceding  section  were  succeeded  by  a  long  period 
of  comparative  repose,  during  which  our  whole  carboniferous  series  was  elabo- 
rated. Had  our  island  been  laid  dry  immediately  after  that  period,  without  any 
change  of  relative  position  among  the  great  forinations,  the  Cumbrian  moun- 
tains would  have  appeared  as  a  cluster  of  ancien^:  rocks  rising  out  of  a  great 
carboniferous  plain;  extending  north  and  south  fr|jfin.the  border  of  Scotland  to 
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the  very  heart  of  England^  and  in  a  transverse  line  from  the  German  Ocean 
to  the  Irish  Sea,  and  as  far  west  perhaps  as  the  Isle  of  Man.  The  remains 
of  the  carboniferous  strata  in  the  northern  and  central  parts  of  England,  not- 
withstanding the  manner  in  which  they  have  been  dislocated,  and  afterwards 
covered  up  by  newer  deposits,  justify  us  in  giving  them  this  great  original  ex- 
tent, and  thus  bringing  them  almost  to  the  confines  of  the  carboniferous  system 
of  the  Bristol  Channel. 

This  carboniferous  period  (during  which  we  have  no  indications  of  great 
internal  movements  producing  mountain  masses  with  their  strata  in  discordant 
positions),  vras  immediately  succeeded  by  some  of  the  most  remarkable  convul- 
sions which  have  affected  our  island.  During  these  convulsions,  took  place 
some  of  those  extraordinary  dislocations  of  the  coal  measures  on  the  confines 
of  the  Bristol  Channel  (so  admirably  described  in  former  memoirs  read  before 
this  Society*),  and  also  the  elevation  of  the  great  northern  central  chain,  extend- 
ing from  the  neighbourhood  of  Derby  to  the  mouth  of  the  Tweed :  and  during 
the  same  period  the  calcareous  zone  surrounding  the  Cumbrian  mountains 
was  torn  off  from  that  part  of  the  great  northern  chain,  which,  after  deflecting 
a  little  to  the  north-west,  b  prolonged  through  the  crests  of  Cross  Fell  to  the 
confines  of  Scotland. 

I  only  mention  the  carboniferous  system  of  the  Bristol  Channel  for  the  pur- 
pose of  founding  upon  it  one  or  two  general  remarks,  and  of  contrasting  it 
with  the  northern  chain  of  the  same  period. 

First.  The  axes  of  the  different  coal  basins  on  the  Bristol  Channel  seem 
to  form  a  striking  exception  to  the  rule  above  quoted,  viz.,  that  regions  of 
contemporaneous  elevation  are  marked  by  parallel  lines  of  bearing.  Among 
the  axes  of  these  basins  there  is  certainly  no  such  parallelism. 

Secondly.  As  the  calcareous  slates  of  North  Devon  and  of  a  part  of  South 
Wales  do  not  conform  to  the  rule  which  appears  to  govern  the  range  of  the 
greatest  number  of  our  greywacke  chains;  but,  on  the  contrary,  run  nearly 
east  and  west,  in  a  direction  parallel  to  the  axis  to  the  great  elliptical  coal 
basin  of  South  Wales ;  is  it  not  highly  probable  that  the  anomaly  was  caused 
by  the  extension  to  North  Devon  and  a  part  of  South  Wales  of  the  same 
forces  which  produced  the  actual  configuration  of  that  basin  ?  Or,  in  other 
words,  may  we  not  conclude,  that  the  great  elevatory  movements  of  the  grey- 
wacke series  of  North  Devon  and  of  a  part  of  South  Wales  took  place  after 
the  completion  of  the  carboniferous  series ;  and,  therefore,  many  ages  after  the 

*  See  die  sections  8ceompaii]riiig  the  Memoir  by  Messrs.  Buckland  and  Conybeare,  Oeol.  Trans.» 
New  Seriest  toI.  i.  p.  210,  ftc. 
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movemento  which  produced  the  strike  and  dip  of  the  Cumbrian  liiountainfl 
as  above  described  ? 

Thirdly.  The  form  and  direction  of  the  dislocations  in  the  coal  fields  on 
the  Bristol  Channel  bear  little  resemblance  to  those  of  the  northern  carboni* 
ferous  chain — a  circumstance  probably  originating,  partly  in  the  local  nature 
of  the  disturbing  forces  themselves,  and  partly  in  the  fact  that  the  application 
of  these  forces  in  the  two  carboniferous  regions  was  not  contemporaneous. 

After  the  first  elevation  of  the  central  carboniferous  chain  of  the  north,  the 
lowest  division  of  the  new  red  sandstone  group  (rothe-todte-Uegende)  was 
immediately  deposited.  The  movements  of  elevation  were  not  merely  fcdlowed 
by,  but  were  probably  the  mechanical  causes  of,  this  deposit ;  which  is  com- 
posed of  sand,  small  pebbles,  and  other  incoherent  materials^  drifted  to  the 
outer  and  lower  edges  of  the  coal-fields ;  even  at  this  day  is  in  many  places 
but  imperfectly  cemented;  and  contains,  though  rarely,  a  few  drifted  coal 
plants*.  In  some  districts  it  is  perfectly  conformable  to  the  upper  coal  strata 
on  which  it  immediately  rests,  and  seems  to  form  a  regular  connecting  link 
between  them  and  the  overlying  formations ;  but,  considered  on  the  whole, 
its  position,  as  far  as  regards  the  inferior  strata,  is  discordant.  It  was  followed, 
and  perhaps  interrupted,  by  movements  of  elevation,  producing  a  considerable 
derangement  in  its  component  beds,  and,  of  course,  also  affecting  the  lower 
formations ;  and  these  movements  were  succeeded  in  several  parts  of  York- 
shire, and  of  the  Cumbrian  mountains,  by  deposits  of  magnesian  conglo- 
merate and  magnesian  limestone — unconformable  both  to  the  lower  division 
of  the  new  red  sandstone  {rothe-todte-Uegende)  and  to  the  coal  measures f. 

Now  the  overlying  deposits  of  the  Bristol  coal-fields  are  perfectly  analogous 
to  the  series  in  the  North  of  England,  which  commences  with  the  magnesian 
conglomerate ;  but  they  appear  to  contain  no  representative  whatsoever  of  the 
lower  division  of  the  new  red  sandstone.  Hence  we  may,  I  think,  conclude 
(not  hypothetically,  but  on  direct  physical  evidence),  1.  That  the  movements 
which  gave  the  final  configuration  to  the  coal-fields  on  the  Bristol  Channel 
took  place  after  the  deposition  of  the  lower  red  sandstone,  and  were  probably 
contemporaneous  with  the  second  system  of  movements  in  the  North  of  En- 
gland, before  alluded  to.  2.  That  the  movements  (prior  to  the  existence  of 
the  lower  red  sandstone  or  rolhe'todte-liegende)  which  gave  the  chief  impress 

*  See  Geol.  Trans.,  Second  Series,  vol.  iii.  p.  64.  Traces  of  vegetable  fossils  occur  in  this 
deposit,  on  the  coast  of  Cumberland,  near  Whitehaven.  Stems  of  Equiseta  and  other  vegetable 
impressions  have  also  been  found  in  it  at  Hickleton  in  Yorkshire,  by  the  Rev.  W.  Thorp  of  Don- 
caster.     I  was  unacquainted  with  these  facts  at  the  time  the  Memoir  just  quoted  was  composed. 

f  See  Geol.  Trans.,  Second  Series,  vol.  iii.  PI.  VI.  figs.  3.  4.  5.  6. 
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to  the  carboniferous  chains  of  the  North,  took  place  during  a  time  long  an- 
terior to  the  principal  dislocations  of  our  south-western  coal-fields^. 

Fourthly.  Though  the  contortions  of  the  carboniferous  system  of  the 
Bristol  Channel  are  so  very  extraordinary^  the  actual  elevation  of  the  beds  is 
much  less  than  that  of  the  northern  chain.  This  is  perhaps  the  reason  why 
the  secondary  rocks^  from  the  new  red  sandstone  to  the  chalky  have  in  their 
range  from  the  south  coast  to  the  latitude  of  Derby^  a  direction  nearly  parallel 
to  the  mean  bearing  of  the  grey  wacke  chains — that  is^  the  very  direction  they 
would  have  had^  provided  they  had  been  deposited  immediately  on  the  flanks 
of  the  grey  wacke  chains^  without  the  intervention  of  the  carboniferous  series. 
Thus^  for  example^  the  principal  line  of  transition  limestone  in  South  Wales 
is  nearly  parallel  to  the  direction  of  the  great  oolitic  terrace  in  the  corre- 
sponding latitudes.  In  making  this  observation  (which  must  not  be  pushed 
too  far)^  all  minor  inequalities  are^  of  course^  left  out  of  account^  as  well  as  the 
changes  of  bearing  produced  by  much  more  recent  disturbing  forces — such^  for 
instance^  as  the  great  saddle  of  the  wealds  of  Kent^  and  the  east  and  west  range 
of  the  vertical  chalk  through  the  Isle  of  Wight  and  a  part  of  Dorsetshire. 

Now  if  we  follow  the  same  secondary  beds  beyond  the  latitude  of  Derby^ 
we  find  a  sudden  change  in  their  direction^  bringing  them  nearly  into  paral- 
lelism with  the  great  central  carboniferous  chain  of  the  North.  From  which 
it  appears^  that  this  chain  was  of  sufficient  magnitude  to  produce^  by  its  eleva- 
tion^ a  great  change  in  the  bottom  of  the  neighbouring  seas^  and^  conse- 
quently^ to  produce  an  immediate  influence  upon  the  direction  of  all  the  strata 
afterwards  deposited^  by  the  same  seas^  upon  its  flanks. 

Leaving  the  consideration  of  subjects  which  may  appear  remote  and  hy- 
pothetical^ I  now  proceed  to  describe  the  nature  of  some  of  the  greater  dislo- 
cations produced  by  the  elevation  of  the  northern  carboniferous  chain.  The 
disturbing  forces^  acting  with  their  greatest  intensity  in  a  direction  nearly 
north  and  souths  commenced  in  the  latitude  of  Derby^  and  produced  their 
first  effects  towards  the  north  in  elevating  the  High  Peak  limestone  and  the 
coal-fields  on  its  eastern  flank.  They  are  marked  by  a  system  of  great  lon- 
gitudinal faults  ranging  on  the  west  side  of  this  limestone  region  f. 

*  I  am  aware  that  this  conclusion  has  been  objected  to  by  some  of  our  best  geologists,  hot  I 
do  not  believe  that  they  have  personaUy  examined  the  whole  evidence  on  which  it  rests. 

-f-  See  PL  V.  fig.  1.  Some  interesting  phenomena  ccHinected  with  these  faults  are  described 
in  Farey's  Geological  and  Agricultural  Survey  of  Derbyshire.  The  accompanying  section  is 
not  intended  to  convey  any  details  of  stratification,  but  only  a  general  notion  of  the  position  of 
the  gtekt  mineral  masses.  The  toadstone  beds  of  the  High  Peak  limestone  are  intentionally 
omitted. 

l2 
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Continuing  the  range  towards  the  norths  the  elevatory  forces  seem  to  have 
operated  more  feebly^  as  the  limestone  is  not  brought  up  to  the  surface.  But 
their  line  of  action  is^  in  some  places^  marked  by  an  irregular  saddle  of  mill- 
stone grit^  forming  the  water-shed  between  our  eastern  and  western  coasts. 
The  great  saddle  of  millstone  grit  at  Bbckstone  Edge^  flanked  by  the  Lanca* 
shire  and  Yorkshire  coal-fields^  is  a  good  example  of  this  arrangement*. 

A  few  miles  further  towards  the  north  the  mountain  limestone  is  again  pro- 
truded: the  chain  gradually  arises  to  a  commanding  elevation^  and  is  continued 
as  far  as  Stainmoor^  preserving  throughout  a  great  similarity  in  its  external 
forms^  and  an  almost  perfect  identity  in  its  internal  structure. 

Near  that  part  of  this  range  where  the  carboniferous  mountains  begin  to 
present  a  decided  escarpment  towards  the  west,  commences  a  great  longi- 
tudinal fault  (or  perhaps  a  system  of  faults),  which  has  been  traced  by  Mr. 
Phillips  from  the  heart  of  Craven  to  the  hills  near  Kirkby  Lonsdale,  and  ex- 
cellently described  in  a  paper  published  in  a  former  volume  of  our  Trans- 
actions f.  I  must  refer  to  this  paper  for  the  proof  that  the  great  Craven  fault 
has  rent  asunder  a  part  of  the  carboniferous  chain,  and  produced  such  a  down- 
cast on  the  west  side,  that  mountain  masses  of  limestone  are  tumbled  into  the 
neighbouring  regions  with  an  inverted  dip ;  and  that  a  coal-field  which  ought 
to  appear  above  the  top  of  Ingleborough,  has  sunk  below  the  level  of  its 
basej;. 

From  beneath  this  coal-field  the  limestone  beds  again  rise  up,  and  after 
passing  in  the  form  of  a  great  arch  over  Farlton  Knot,  recover  their  hori- 
zontal position,  and  are  prolonged  into  those  tabular  hills  mentioned  above, 
which  form  the  south-western  skirt  of  the  Cumbrian  mountains.  From  which 
it  appears,  that  the  southern  calcareous  zone  of  the  Cumbrian  system,  is  cut 
oflffrom  the  central  chain  by  the  intervention  of  the  great  Craven yauft. 

I  once  imagined  that  this  great  fauU  ranged  through  the  neighbourhood 
of  Kirkby  Lonsdale  and  Farlton  Knot,  and  there  terminated.  It  is  unques- 
tionable that  lines  of  dislocation  do  range  in  the  direction  here  indicated  (as 
is  proved  by  the  position  of  the  limestone  of  Kirkby  Lonsdale  bridge,  and  the 
still  more  remarkable  position  of  the  limestone  between  Casterton  and  Bar- 
bon) ;  but  after  several  subsequent  visits  to  the  neighbourhood,  I  found  that 
the  leading  branch  of  the  Craven  faiUt  ranged  along  the  line  of  junction  of 
the  central  chain  with  the  skirts  of  the  Cumbrian  system,  passing  along  the 
south  flank  of  Casterton  Low  Fell,  up  Barbondale,  thence  across  the  valley  of 
Dent,  through  the  upper  part  of  the  valley  of  Sedbergh,  and  along  the  flanks 

*  See  PL  V.  fig.  2.  f  See  Geol.  Trans.,  Second  Series,  voL  iii.  p.  5 — 15. 

X  See  PI.  V.  fig.  3.   • 
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of  Bawfell  and  Wiidboar  Fell^  to  the  ridge  between  Mollerstang  and  Raven- 
fitone  dale ;  and  that  along  the  whole  of  this  line  there  are  enormous  and  most 
complex  dislocations.  Some  of  these  phenomena  I  hope  to  describe  more  at 
length  in  a  future  communication ;  and  for  the  present  I  only  observe^  that  a 
great  upheaving  force  acting  at  once  upon  the  two  contiguous  and  uncon- 
formable systems^  produced  a  great  strain  and  separation  of  parts^  accompanied 
with  fractures  and  dislocations^  principally  along  the  line  of  their  junction*. 

In  a  part  of  the  range  between  Mollerstang  and  Ravenstonedale  the  cluster 
of  the  older  mountains^  by  deflecting  to  the  north-west^  quits  the  central  car- 
boniferous chain ;  and  it  becomes  a  question  of  some  consequence  to  deter- 
mine the  further  range  and  nature  of  the  great  Craven  fault.  The  ruptures 
produced  by  it  are  fortunately  on  a  scale  too  great  to  be  overlooked  or  mis- 
understood. It  ranges  through  Mollerstang  into  the  hills  immediately  south- 
east of  Kirkby  Stephen^  and  thence  skirting  the  escarpments  which  trend 
towards  Stainmoor^  finally  stops  near  the  foot  of  the  mountain-pass.  Its  pro- 
gress is  marked  by  a  lofty  ridge  of  carboniferous  limestone^  which  has  been 
upheaved  from  the  very  base  of  the  whole  system^  contorted  and  shattered^ 
and  then  sent  headlong  into  the  valley^  where  it  is  to  be  seen  on  edge  for 
many  miles ;  and  where  its  lower  extremities  lie  buried  under  accumulations  of 
alluvial  matter  and  the  horizontal  conglomerates  of  the  new  red  sandstone  f. 

In  following  these  dislocated  ridges  in  the  opposite  direction,  we  may  trace 
them  into  the  calcareous  hills  of  Ravenstone  dale^  where  they  expand  them- 
selvea  and  assume  a  more  horizontal  position,  and  in  this  way  gradually  pass 
into  the  unbroken  calcareous  zone  which  skirts  the  north  side  of  the  Cum- 
brian mountains  as  far  as  Egremont.  Thus,  it  appears  that  the  northern  and 
southern  calcareous  zones  of  the  Cumbrian  mountains  are  cut  off  from  the 
central  chain  by  the  same  fault,  which,  both  in  the  neighbourhood  of  Ingle- 
ton  and  Kirkby  Stephen,  has  produced  a  great  downcast  on  the  western  side 
of  its  range|. 

So  fiar  it  appears  that  we  have  a  clear  and  consistent  explanation  of  the  re- 

•  See  PL  V.  figs.  4.  6. 

f  See  the  louthem  extremity  of  the  section,  PI.  V.  fig.  7. 

{  See  PI.  V.  figs.  $,  7.  The  effects  produced  along  the  line  of  dislocation  on  the  lower 
^eds  of  the  earhoniferous  sjrstem  vary  with  the  circumstances  of  the  case.  Where  the  beds  abut 
^^gainnf  the  steep  sides  of  the  greywack6  chain,  their  broken  ends  have  undergone  a  movement 

elevation.  Under  such  circumstances  a  depression  like  that  at  Ingleton,  or  the  still  more  com- 
derangement  of  the  strata,  like  that  in  the  valley  above  Kirkby  Stephen,  was  obviously  im^ 
^MMsible.   See  PI.  V.  figs.  4.  5.   These  two  figures  are  ideal ;  the  former  being  intended  to  repre- 

it  the  trndisturbed,  and  the  latter  the  disturbed,  position  of  the  grey wacki  and  carboniferous 
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lations  of  the  central  carboniferous  chain  to  the  secondary  zones  of  the  grent 
cluster  of  the  Cumbrian  mountains.  But  there  is  still  one  difficulty  to  be 
explained.  Beyond  Stainmoor^  the  western  border  of  the  central  chain  de-^ 
fleets^  as  before  stated^  considerably  towards  the  north-west^  and  rises  into  an 
escarpment^  partly  made  up  of  mural  precipices^  which  overlooks  the  plain  of 
the  new  red  sandstone  in  the  vale  of  the  Rden^  and  in  the  crest  of  Cross  Fell 
reaches  the  elevation  of  3900  feet  On  the  contrary^  the  northern  calcareous 
zone  of  the  Cumbrian  system  dips  under  the  plain  of  the  new  red  sandstone^ 
and  along  the  course  of  the  Eden^  lies  buried  probably  many  hundred  feet 
below  the  surface.  This  relative  position  is  explained  in  a  transverse  section 
from  the  central  mountains  to  the  rid^  of  Cross  Fell :  and  it  seems  impossible 
to  account  for  the  collocation  of  the  two  carboniferous  systems  without  the 
intervention  of  2l  fault  ranging  somewhere  near  the  base  of  the  chain  of  Cross 
Fell^  and  producing  an  enormous  upcast  to  the  north-east*.  The  misappre* 
,  hension  of  this  fauU  formerly  introduced  a  great  error  into  certain  published 
sections^  in  which  the  new  red  sandstone  of  the  Eden  was  placed  under  the 
whole  system  of  Cross  Fellf . 

Fortunately  in  this^  as  in  the  former  case^  we  have  better  evidence  than  a 
mere  inference ;  for  in  following  the  escarpment  from  any  portion  of  the  Cross 
Fell  chain  to  the  foot  of  Stainmoor  (the  key  of  the  whole  position)^  we  have 
a  manifestation  of  the  true  nature  of  the  faulty  and  on  a  scale  hardly  to  be 
rivalled  in  any  other  part  of  our  island;];.  A  little  before  we  reach  Brought 
there  commences  a  steep  craggy  mountain  ridge^  ranging  parallel  to  the  prin- 
cipal escarpment ;  from  which  it  is  separated  by  a  ravine  several  hundred 
feet  in  depth.  On  entering  this  ravine^  we  find  ourselves  on  the  very  line  of 
an  ancient  convulsion^  by  which  the  whole  craggy  ridge  has  been  torn  off 
from  the  escarpment,  and  tumbled  over  into  the  valley^  in  which  it  now  stands 
on  edge ;  every  part  of  it  being  inclined  at  a  very  great  angle.  It  is  of  vast 
thickness^  and  probably  includes  nearly  the  whole  calcareous  system  of  Cross 
Fell :  but  its  upper  beds  are  buried  under  the  alluvion  of  the  new  red  sand- 
stone. 

These  inclined  beds  (on  a  part  of  which  stands  the  town  of  Brough)  are 
prolonged  to  the  foot  of  Stainmoor^  and  thus  brought  into  contact  with  the 
dislocated  beds  thrown  down  from  the  opposite  side  of  the  valley  by  the  great 

•  See  PL  V.  fig,  6. 

t  See  a  paper  by  Professor  Buckland  (Geol.  Trans.,  First  Series,  vol.  iv.  p.  105),  in  which  this 
mistake  is  rectified. 

X  There  are  some  other  places  near  the  base  of  the  carboniferous  chain  where  we  meet  with  in* 
dications  of  the  nature  of  the  Cross  Fell  fault.  (See  Geol.  Trans.,  First  Series,  vol.  iv.  PL  V.  figs.  % 
and  d.)«  But  in  none  of  them  is  the  evidence  comparable  to  that  exhibited  in  the  Brough  section. 
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CiHTen  fault.  The  transverse  section  from  the  hills  above  Brough  to  the 
hills  above  Kirkby  Stephen^  shows  the  singular  relations  of  these  dislocated 
masses*. 

It  thus  appears^  that  during  the  elevation  of  the  central  carboniferous  chain 
of  the  Norths  there  were  great  changes  of  level  among  the  component  strata^ 
— and  that  the  points  of  greatest  stress  not  being  upon  the  same  straight  line^ 
the  fractures  were  sometimes  inclined  to  each  other — that  the  great  Craven 
fauU  and  the  great  Cross  FeW  fault,  intersecting  each  other  at  a  considerable 
angle  near  the  centre  of  the  chain^  shattered  and  cut  off  from  it  a  great  trian- 
gular mass  of  the  component  strata — and  that  this  triangular  mass^  being  thus 
cut  off  by  the  disruptive  forces  of  elevation,  underwent  a  change  in  its  rela- 
tive level,  and  was  at  the  same  moment  affected  by  a  great  downcast  move- 
ment; of  which  we  have  a  most  convincing  proof  in  the  present  extraordinary 
position  of  the  mineral  masses  at  the  foot  of  Stainmoor,  and  on  the  line  of 
section. 

I  am  far  from  supposing  that  in  the  preceding  details  I  have  pointed  out  all 
the  great  movements  whereby  our  northern  mountain  chains  have  been  af- 
fected. All  I  have  attempted  to  do  has  been  to  explain  the  nature  of  certain 
great  dislocations  of  which  we  have  direct  evidence,  and  of  which  we  can 
determine  the  geological  epoch  ;  and  thence  to  show  the  general  effects  they 
have  produced  on  certain  mountain  groups  in  the  North  of  England. 

If  I  wished  to  speculate  on  the  causes  of  these  great  movements  among  the 
integuments  of  the  mountains,  1  should  point  to  the  porphyries  of  the  Cheviots 
and  the  syenite  of  Chamwood  Forest,  rising  at  the  two  extremities  of  the 
carboniferous  chain.  I  should  also  point  to  the  granitoid  rocks  near  Dufton 
Pike ;  and  perhaps  also  to  the  Whin  Sill,  and  the  other  masses  of  augitic 
trap^  associated  so  largely  with  the  calcareous  system  of  Cross  Fellf. 

If  it  were  objected,  that  the  porphyry  of  the  Cheviots  sometimes  resembles 
the  old  felspathic  rocks  of  Cumberland,  and  sometimes  passes  into  syenite  and 
granite ;  and  further  that  we  have  proofs  of  its  existence  before  the  conglo- 
merates of  the  old  red  sandstone :  we  might  on  the  other  hand  reply,  that 
such  facts  throw  no  difficulties  in  the  way  of  supposing,  that  the  Cheviot  por- 
phyry (like  some  of  the  other  crystalline  formations  of  Scotland),  was  elevated 
en  masse  at  some  period  subsequent  to  its  first  formation  ;  especially  as  we 
can  show,  to  the  north  of  the  Tweed,  derangements  exactly  answering  to  such 
an  elevation.  We  might  further  reply,  that  the  red  porphyries  of  the  Scotch 
Border,  however  like  each  other  in  mineral  structure,  are  not  all  of  the  same 

•  Sec  PI.  V.  fig.  7.  t  See  Geol.  Trans.,  First  Series,  vol.  iv.  p.  109,  &c. 
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age ;  inasmuch  as  some  of  them  are  unequivocally  posterior  to  a  portion  of  the 
coal  measures.  The  discussion  of  these  subjects  would^  however^  lead  me  too 
far  from  the  direct  object  of  this  paper*. 

Many  of  the  great  movements  above  described^  appear  to  have  been  pro- 
duced by  an  action  both  violent  and  of  short  duration.  The  nature  of  the 
fractures  leads  us  to  this  conclusion^  as  well  as  the  nature  of  the  mineral 
masses  resting  immediately  upon  the  dislocated  beds.  In  some  portions  of 
our  coal-fields  there  may  be  indications  of  a  passage  into  the  next  superior 
order  of  formations.  But  in  the  neighbourhood  of  the  great  faults  above 
described,  there  is  certainly  no  such  indication^  or  anything  whatever  which 
could  mark  the  slow  progress  from  one  system  of  things  to  the  other. 

That  these  great  fractures  were  produced  by  some  modification  of  volcanic 
action  is^  to  say  the  least  of  it^  a  very  probable  hypothesis.  But,  granting 
this  hypothesis,  i/vhat  proper  measure  can  we  set  up  for  the  intensity  of  vol- 
canic power  during  any  one  geological  period  of  the  earth,  except  that  which 
is  defined  by  the  efiects  produced  ?  Guided  by  this  rule  we  assume  nothing: 
and  though  we  fall  into  error  from  hasty  generalizations,  our  conclusions, 
unfettered  by  theory,  are  ever  open  to  correction  ;  and  as  observations  are 
multiplied,  gradually  approximate  nearer  and  nearer  to  the  truth. 

Of  the  cause  of  volcanic  action  we  know  nothing ;  but  we  know  enough  of 

■*  At  Rodham,  a  few  miles  from  Wooler,  the  carboniferous  series  is  separated  from  the  Cheviot 
porphyry  by  an  old  red  conglomerate  forming  the  base  of  the  stratified  rocks.  The  conglomerate 
contains  many  pebbles  identical  in  structure  with  the  porphyry,  which  must  therefore  have  existed 
before  the  carboniferous  series :  and  the  conclusion  is  confirmed  by  similar  phenomena  in  Roxburgh- 
shire. Judging,  however,  from  the  inclination  of  the  stratified  masses,  we  should,  I  think,  be 
led  to  infer,  that  the  porphyry  had  undergone  some  movement  since  their  deposition. 

A  porphyry  perfectly  identical  with  that  of  the  Cheviots,  in  the  same  range,  and  sometimes 
passing  into  a  true  gpranite,  breaks  out  in  Lamberton  Hills,  a  few  miles  north  of  Berwick ;  and 
near  Shiels  runs  down  close  to  the  coast.    At  this  point  the  red  sandstone  (subordinate  to  the 
old  carboniferous  formation  of  the  Tweed),  which  forms  the  sea  cliff,  suddenly  becomea  vertical, 
and  in  some  places  is  moved  more  than  90°  from  its  undisturbed  position.    The  phenomena  a» 
correctly  described  in  a  paper  published  by  Mr.  Witham  in  the  Newcastle  Transactions :  but  tin? 
important  fact  of  t()e  close  approach  of  the  granitoid  porphyry  appears  to  have  escaped  his  notice^ 
It  seems  to  prove,  unequivocally,  that  the  Lamberton  porphyry  assumed  its  present  position  aftet^ 
the  epoch  of  the  carboniferous  system  of  the  Tweed.     1  mention  these  apparently  contradictor^ 
facts  for  the  purpose  of  showing,  bow  difficult  it  is  to  prove  the  age  of  igneous  rocks  by  any  Bingl^s* 
set  of  phenomena. 

Trappean  rocks  are  very  abundant  in  the  higher  parts  of  the  Tweed,  and  have  a  great  8imil&' 
rity  of  mineral  structure  ;  yet  it  is  generally  impossible  to  come  to  any  certain  conclusion  respect* 
ing  their  epoch.     At  Cowdenknows  (a  few  miles  north-east  of  Melrose),  a  red  porphyry  distinctly 
overlies  a  red  sandstone  similar  to  that  in  the  lower  course  of  the  river. 
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the  effects  of  this  action  to  be  certain,  that  it  cannot  be  ever  brought  under 
the  mechanical  laws  of  any  constant  force.  To  assume  therefore,  indepen- 
dently of  an  incomparably  wider  induction  from  facts  than  has  yet  been  made, 
that  volcanic  forces  have  acted  on  the  earth  during  all  geological  periods 
with  equal  intensity,  is  so  far  from  being*  sound  philosophy,  that  it  is  a  mere 
gratuitous  assumption — founded,  it  may  be,  upon  a  mistaken  analogy  be- 
tween the  calculated  effects  of  constant  forces,  and  the  effects  of  other  forces, 
which  are  not  only  not  constant^  but  which  are  unknown  in  their  origin  and 
undefined  in  their  power. 

Judging  from  facts  alone,  and  independently  of  all  hypothesis,  I  adopt  some 
of  the  leading  principles  of  the  Essay  on  the  Epochs  of  Elevation  by  M.  Elie 
de  Beaumont,  to  which  I  before  referred.  They  are  certainly  open  to  nu- 
merous exceptions ;  especially  in  low  geological  regions  like  many  of  those 
in  our  Island.  But  among  mountain  chains  which  are  well  defined  and  of 
considerable  elevation,  they  are,  I  believe,  of  very  extensive  application  and 
of  unquestionable  importance.  The  two  systems  of  dislocations,  described  in 
the  second  and  third  sections  of  this  paper,  mark  two  epochs  of  elevation  which 
have  had  a  great  effect  in  modifying  the  structure  of  this  Island. 


Note. — I  hope  I  may  be  excused  in  very  briefly  anticipating  some  of  the 
conclusions  which  seem  to  follow  from  a  detailed  examination  of  the  Cumbrian 
mountains. 

1 .  The  crystalline  structure  of  some  of  the  slates  appears  to  have  been 
superinduced  after  their  deposit  by  an  action  from  below.  This  seems  to  be 
.certain,  as  far  as  regards  a  zone  of  indurated  slates  which  surrounds  the  boss 
of  Shap  granite ;  and  it  is  at  least  a  probable  explanation  of  the  crystalline 
structure  of  the  lowest  group  of  slate  rocks  in  Skiddaw  Forest. 

2.  There  are,  in  many  large  tracts  of  the  Cumbrian  system,  slate  beds  with 
a  decided  transverse  cleavage,  alternating  with  coarse  flagstone  and  grey- 
wacke,  and  not  associated  with  any  igneous  or  unstratified  rocks.  Similar 
facts  are  repeated  in  North  and  South  Wales  on  a  more  extended  scale,  where 
the  slates  sometimes  pass  into  true  chlorite  slate,  alternating  with  other  unal- 
tered slaty  masses.  In  such  cases  we  have  no  right  to  assume  that  the  crystal- 
line structure  has  been  produced  by  any  modification  of  igneous  action.  Hence 
it  appears  to  be  a  rash  generalization  to  attribute  the  crystalline  structure  of 
idl  primary  slate  rocks  to  direct  igneous  action.  This  negative  conclusion  is 
further  confirmed  when  we  consider  that  secondary  deposits,  by  the  mere 
chemical  action  of  their  particles,  unaided  by  any  igneous  cause,  sometimes 
assume  a  perfectly  crystalline  structure.     For  example ;  many  beds  of  moun- 
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tain  limestone  are  perfectly  crystalline ; — and  the  large  globular  structure  of 
magnesian  limestone  has  occasionally  been  superinduced  on  masses  originally 
deposited  in  thin  laminae;  as  is  demonstrated  by  the  fact^  that  the  lines  of  the 
original  laminae  may  stilly  in  some  instances^  be  traced  through  a  congeries  of 
balls  mutually  compressing  each  other.  These  peculiarities  of  structure  are 
found  in  places  where  there  is  not  the  least  indication  of  any  igneous  action. 

3.  The  highest  grey  wacke  group  of  the  Cumbrian  mountains  contains  beds 
with  numerous  organic  remains.  The  next  inferior  group  (composed  of  green 
slate  and  porphyry)^  and  the  third  group  in  the  descending  order  (composed 
of  fine^  black  clay  slate  and  greywacke  slate^  &c.),  contain  no  organic  remains. 
How  can  we  account  for  the  absence  of  organic  remains  in  this  third  group^ 
except  on  the  supposition  that  they  did  not  exist  in  the  seas  where  it  was  de- 
posited ?  It  is  developed  through  large  mountain  tracts^  and  is^  with  very  few 
exceptions^  composed  of  rocks  unaltered  by  igneous  action.  Had  there  been 
any  organic  beings  where  it  was  deposited,  we  should,  I  think,  have  found 
their  remains  imbedded  in  it.  We  arrive  at  precisely  the  same  conclusions  in 
traversing  the  whole  slate  system  of  Devonshire  and  Cornwall.  The  upper 
part  contains  organic  remains ;  the  lower  part  does  not.  Yet  in  the  lotoer 
part  there  are  large  tracts  where  the  rocks  are  unaltered,  and  contain  beds 
of  limestone  and  calcareous  slate,  not  more  crystalline  than  ordinary  beds 
of  mountain  limestone.  The  same  positive  and  negative  conclusions  are 
strengthened  by  the  phenomena  of  North  and  South  Wales.  I  may  state 
generally,  as  the  result  of  my  own  observations  on  the  older  strata  of  this 
Island,  that  there  is  a  line  in  the  descending  series  where  organic  remains 
seem  entirely  to  disappear ;  and  that  this  line  is  by  no  means  coordinate  with 
mineral  changes  superinduced  by  igneous  action.  It  is  true  that  igneous 
action  has  in  many  cases  produced  a  crystalline  structure  in  stratified  masses, 
and  obliterated  their  organic  remains :  but  it  is  not  by  any  means  true  that  this 
action  a/u;ays  accounts  for  the  absence  of  organic  remains  from  the  older  strata. 

4.  The  ancient  separation  of  the  old  schistose  deposits  into  two  great  groups 
(the  upper  containing  organic  remains,  and  the  lower  not,)  appears,  therefore, 
to  be  borne  out  by  the  phenomena  of  our  Island.  This  separation  is,  how- 
ever, on  two  accounts,  of  very  little  importance.  First,  Because  the  two 
groups  almost  entirely  interchange  mineralogical  characters.  Secondly,  Be- 
cause, between  the  two  extremes,  there  appears  to  be  an  enormous  develop- 
ment of  rocks,  in  which  organic  remains  (though  appearing  here  and  there) 
are  very  rare.  Hence  it  must  always  be  difficult,  and  oftentimes  impossible, 
to  draw  any  precise  line  between  the  two  groups  in  question. 

5.  I  believe,  however,  that  there  is  a  broad  mineralogical  distinction  be- 
tween the  primary  stratified  rock&  (including  under  that  term  all  stratified 
rocks  inferior  to  the  old  red  sandstone,)  and  the  secondary, — and  a  still  broader. 
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between  the  primary  stratified  groups  and  the  deposits  superior  to  the  chalk. 
In  some  instances  secondary  rocks  have  put  on  the  exact  appearance  of 
the  primary :  but  is  there  a  tertiary  deposit  in  any  country  yet  examined, 
which  could  for  a  moment  be  confounded  with  the  greywacke  systems  of 
Cumberland  or  Devonshire?  Through  large  regions  of  the  earth,  the  epoch  of 
many  deposits  is  not  less  defined  by  the  mineral  structure  of  the  rocks  than  by 
their  organic  contents.  Accurate  mineralogical  distinctions,  and  an  order  of 
superposition  determined  by  natural  sections,  must  form  the  first  foundations  of 
the  geology  of  efery  country.  Organic  remains  often  help  us  to  unite  together 
disconnected  base  lines.  They  also  enable  us  to  subdivide  the  successive  de- 
posits of  one  epoch,  in  cases  where  all  other  means  fail ;  and  in  speculating 
on  the  former  conditions  of  the  earth  they  are  invaluable :  but  they  can  in 
no  instance  supersede  the  necessity  of  studying  in  detail  the  structure  and 
superposition  of  the  great  mineral  masses  composing  the  crust  of  the  globe. 

6.  In  the  Cumbrian  system,  the  elevation  of  the  old  slate  rocks  appears  to 
have  been  produced  by  the  protrusion  of  mountain  masses  of  granite  and 
syenite.  In  the  higher  parts  of  North  Wales,  the  strata  are  thrown  into  vast 
undulations  ranging  parallel  to  the  principal  mountain  chain ;  but  we  find  no 
obvious  centre  of  dislocation.  This  fact  however  throws  no  difficulty  in  the 
way  of  the  igneous  hypothesis  of  elevation ;  as  we  know  that  the  most  violent 
volcanic  action  is  often  felt  at  a  great  distance  from  the  focus  of  eruption. 
The  parallelism  of  the  undulations  seems  however  to  prove,  that  they  were 
not  produced  by  difierent  shocks  of  earthquakes  succeeding  each  other  after 
long  intervals  of  time. 

As  the  earth  has  apparently  diminished  in  temperature,  we  have  a  right  to 
look  for  some  indication  of  a  contraction  of  its  dimensions.  May  not  some  of 
the  great  parallel  corrugations  of  the  older  systems  of  strata  have  been  pro- 
duced by  such  a  partial  contraction  ? 

7.  In  stating  that  volcanic  action  could  not  be  brought  under  the  laws  of 
any  constant  force,  I  merely  made  a  reference  to  the  irregular  and  undefined 
nature  of  its  effects.  The  degradation  of  the  solid  portions  of  the  earth  by 
aqueous  action  may  in  a  certain  sense  be  considered  constant ;  because  there 
is  a  demonstrable  provision  in  the  laws  of  nature  for  the  perpetual  circufaU;ion 
of  water  over  the  surface  of  the  globe.  But  who  can  point  out,  compatibly 
with  the  known  laws  of  chemical  action,  a  provision  for  the  eternal  and  uni- 
form circulation  of  volcanic  fire  through  all  parts  of  the  crust  of  the  globe- 
to  go  its  rounds  with  regularity,  and,  during  given  periods  of  time,  neither  to 
increase  or  diminish  in  intensity  ?  If  such  a  supposition  be  started^  it  can 
only  be  regarded  as  a  mere  gratuitous  and  most  complicated  hypothesis ;  and 
ought  not  ever  to  be  assumed  as  the  basis  of  d  priori  reasoning. 
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Every  case  of  volcanic  combustion  may  be  only  an  instance  of  chemical 
combination  on  a  great  scale ;  in  which  case^  after  it  ceases^  the  particles  acted 
on  are  held  together  by  new  affinities  more  powerful  than  those  which  existed 
among  them  before^  and  are  in  a  new  condition  of  chemical  equilibrium. 
Each  successive  instance  of  volcanic  action  must  bring  the  crust  of  the  earth 
nearer  and  nearer  to  a  state  of  ultimate  chemical  quiescence :  volcanic  fires 
like  all  other  fires  must  exhaust  themselves ;  and  must  cease  entirely^  when 
the  whole  crust  of  the  earth  has  reached  its  highest  state  of  oxidation,  or  when 
the  solid  parts  are  in  that  state  of  combination  which  reprepents  the  highest 
order  of  chemical  affinities  compatible  with  the  physical  constitution  of  the 
earth.  Whether  the  earth  is  ever  actually  to  reach  that  state,  is  a  question 
not  affecting  the  hypothesis,  and,  of  course,  admits  of  no  reply. 

Or  we  may  argue  on  another  hypothesis — ^that  volcanic  action  is  produced 
by  the  penetration  of  water  through  the  surface  of  the  earth,  to  a  liquid  mass 
of  highly  heated  matter  far  below.  Even  in  this  case  there  must  be  some  che- 
mical action :  for  we  know  that  unoxidized  bodies  are  always  present ;  and  if 
these  produce  some  influence  on  volcanic  products,  they  must  also  produce 
some  influence,  however  small,  on  the  intensity  of  volcanic  force.  Let  us, 
however,  exclude  the  effect  of  chemical  action  altogether ;  still,  volcanic  action 
must  diminish  in  frequency  and  intensity,  during  the  evolution  of  the  succes- 
sive geological  periods,  by  the  mere  refrigeration  of  the  earth  (a  fact  implied 
in  the  terms  of  the  h3rpothesis),  and  by  the  greater  difficulties  offered  to  the 
penetration  of  water  through  the  parts  which  have  gradually  become  solid. 

Perhaps,  however,  it  is  best  to  exclude  all  hypotheses,  and  to  acknowledge 
our  entire  ignorance  of  the  cause  of  volcanic  action.  In  that  case  we  have  no 
right  to  assume,  that  it  either  is,  or  is  not,  of  the  nature  of  a  constant  force. 
To  assume  either  the  one  side  of  the  question  or  the  other  is  perfectly  gra- 
tuitous ;  as  it  can  only  be  decided  by  induction  from  the  geological  pheno- 
mena of  every  known  epoch. 

As  a  matter  of  observation,  modern  volcanic  forces  appear  to  have  modified 
the  earth  in  two  ways.  First,  by  violent  paroxysms,  splitting  up  the  crust  of 
the  earth,  and  producing  lines  of  volcanic  vent  (such  as  those  described  in  the 
works  of  Humboldt  and  Von  Buch),  generally  of  small  curvature,  and  extend- 
ing through  great  geographical  regions.  Secondly,  by  local  action  on  the 
great  lines  of  vent,  producing  all  the  ordinary  phenomena  of  volcanic  cones 
and  eruptions  of  lava.  To  the  former  kind  of  action,  the  forces  which  have 
produced  the  elevation  of  some  of  our  mountain  chains  appear  to  have  been 
most  nearly  assimilated. 

Walton,  May  1833. 


Appendix  to  Professor  Sedgwick's  Paper  entitled  ^^An  Introduction 
to  the  General  Structure  of  the  Cumbrian  Mountains.''^ 

[Read  November  6,  1833.] 

IN  the  precedi|i|^  paper^  p.  49  et  seq.,  describing  in  detail  the  range  of  a  band 
of  limestone  and  calcareous  slate  separating  the  upper  from  the  middle  division 
of  the  schistose  rocks  of  the  Cumbrian  mountains^  I  have  mentioned  two  great 
faults,  between  Coniston-water  Head  and  Windermere;  one  throwing  the 
calcareous  beds  to  the  south,  and  the  other  to  the  north,  of  their  line  of 
bearing.  Both  these  faults  are  of  enormous  magnitude,  and  the  calcareous 
slate  between  them,  ranging  about  40^  north  of  true  east,  past  two  or  three  small 
mountain  tarns,  terminates  in  some  broken  masses,  just  where  a  cross  road 
strikes  off  from  the  Ambleside  turnpike  to  Skelwith  bridge ;  being  there  cut 
off  by  the  most  northern  of  the  two  great  faults  above  mentioned.  This  part 
of  the  range  is  about  a  mile  and  a  half  in  extent ;  and  the  calcareous  bands, 
commencing  in  a  low  hill  north-east  of  Coniston  Hall,  exhibit  some  disloca- 
tions which,  although  of  comparatively  small  extent,  deserve  notice. 

About  one  third  of  a  mile  from  their  commencement,  the  calcareous  bands 
are  cut  through  by  a  fault,  throwing  them  fifty  or  sixty  feet  towards  the  south- 
east. The  line  of  dislocation  is  marked  by  a  small  watercourse,  and  by  some 
masses  of  calcareous  slate  thrown  out  of  their  bearing.  The  beds  then  regain 
their  strike  (about  15^  north  of  magnetic  east),  and  run  to  a  round  hill,  due 
south  of  the  lowest  tarn.  There  they  are  again  cut  off,  and  shifted  about  150 
or  200  yards,  to  a  point  south-east  of  the  tarns.  Thence  they  range  (nearly 
with  the  same  strike  as  before)  uninterruptedly  for  more  than  half  a  mile  ; 
increasing,  however,  gradually  in  dip  as  they  approach  a  mountain  mass  of 
green  slate  and  porphyry,  called  Pool  Brow.  Immediately  beyond  a  mountain 
road  leading  to  Amside,  there  is  a  third  dislocation,  throwing  the  beds  about 
180  paces  to  the  south-east.  Beyond  this  interruption  the  limestone  is  again 
continued,  but  is  soon  aftw  (in  consequence,  I  believe,  of  a  number  of  small 
dislocations),  spread  over  the  brow  of  a  hill  (Limestone  Hilt),  and  descends  to 
the  angle  of  the  Skelwith  bridge  road,  the  extreme  point  being  marked  by  a 
kiln  on  the  Knipe  Fold  estate.  Here  the  limestone  bands  are  again  cut  off, 
being  thrown  (as  stated  in  p.  52)  more  than  a  mile  to  the  north  of  their 
bearing. 
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Such  details  as  these  may  be  considered  of  small  importance^  but  they 
belong  to  the  history  of  the  formation  I  am  describing.  There  are,  however, 
other  phsenomena  of  more  importance,  and  extremely  well  exhibited  along  the 
line  just  described.  The  calcareous  slates  sometimes  pass  into  strong  beds  of 
limestone :  but  without  exception  they  exhibit  true  cleavage  planes,  which  often 
almost  obliterate  the  lines  of  stratification ;  and  the  calcareous  beds  (even  where 
they  pass  into  a  pure  subcrystalline  limestone),  when  struck  with  the  hammer, 
break  into  tabular  masses,  having  their  faces  parallel  to  the  cleavage  of  the 
slates.  These  calcareous  beds  abound  with  Corals,  Bivalv^Trilobites,  &c., 
and  have  a  south-easterly  dip,  varying  from  30^  to  60^.  The  planes  of  cleavage 
generally  dip  toward  the  north-west,  at  a  great  angle.  They  sometimes  strike 
with  the  beds,  and  sometimes  cut  obliquely  through  them ;  but  I  could  not 
find  any  instance  where  the  planes  of  cleavage  and  the  true  beds  coincided. 

I  stated  (in  the  paper  before  mentioned,  p.  54)  that  the  calcareous  bands 
were  cut  off  by  the  Shap  granite,  and  the  assertion  was,  I  believe,  true :  but 
during  the  past  summer  I  ascertained  that  these  bands  reappear,  in  their  line 
of  strike,  on  the  north  side  of  the  granite  boss,  in  the  new  road  cut  through 
the  morass,  from  Shap  Wells  to  the  turnpike  leading  to  the  village  of  Shap. 
The  same  calcareous  bands  appear  also  in  the  rivulet,  about  a  quarter  of  a 
mile  north  of  the  wells,  nearly  with  the  strike  and  dip  above  mentioned,  and 
so  pass  under  the  horizontal  beds  of  the  old  red  sandstone  and  conglomerates 
which  form  the  base  of  the  mountain  limestone  ridges,  stretching  out  on  the 
north  side  of  the  district.  It  deserves  remark,  that  the  calcareous  slates  are 
broken  through  by  porphyritic  masses,  but  reappear  in  the  form  of  calcareous 
conglomerates  imbedded  in  the  greywacke.  These  conglomerates  are  im- 
pregnated with  pyrites,  and  give  rise  to  the  mineral  waters  of  Shap  Wells. 

It  appears,  therefore,  probable,  from  what  has  been  already  stated,  that  the 
Shap  granite  interrupts  the  continuity  of  the  calcareous  bands,  and  is  there- 
fore of  an  origin  posterior  to  them.  The  same  truth  is  rendered  probable  by 
the  extreme  induration  of  the  upper  greywacke  series,  where  it  approaches 
the  granite.  The  conclusion  is,  however,  put  out  of  all  doubt  by  a  fact  I 
observed  for  the  first  time,  this  summer ;  viz.  that  near  the  farm-house  called 
Wasdale  Head,  the  granite  is  in  two  places  seen  to  send  veins  into  the 
greywacke ;  which  near  its  contact  with  the  granite  passes  into  a  rock,  very 
much  resembling  the  more  crystalline  varieties  of  the  Cornish  killas.  These 
pheenomena,  taking  place  among  the  upper  fossiliferous  divisions  of  the  slate 
series,  are  of  considerable  theoretical  importance;  but  I  shall  not  dwell  upon 
them,  as  I  shall  have  to  return  to  the  subject  in  a  subsequent  paper. 


III. — Description  of  a  Series  of  Longitudinal  and  Transverse  Sections 
through  a  Portion  of  the  Carboniferous  Chain  between  Penigent  and 
Kirkby  Stephen. 

By  the  Rev.  ADAM  SEDGWICK,  V.P.G.S.  F.R.S,  &c, 

(WOODWARDIAN   PROFESSOR  IN   THE  UNIVERSITY   OF   CAMBRIDGE.) 

[Read  March  2  and  16,  1831.] 

§  1.    Introduction. 

Having  in  the  preceding  communication  pointed  out  some  peculiarities  in 
the  position  of  the  great  central  carboniferous  chain  (which  extends  from  the 
neighbourhood  of  Derby  to  the  Scotch  Border),  with  the  view  of  connecting 
it  with  the  calcareous  zone  of  the  Cumbrian  mountains  ;  I  now  proceed  to 
describe  in  detail  the  composition  of  a  very  remarkable  portion  of  it,  forming 
a  mineralogical  link  between  the  High  Peak  of  Derbyshire  and  the  region  of 
Cross  Fell.  The  facts  adduced  will  serve  to  explain  some  of  the  changes  the 
chain  undergoes  in  its  range  between  one  extremity  and  the  other ;  and  will 
also  supersede  the  necessity  of  many  details  respecting  the  carboniferous  zone 
of  the  Cumbrian  mountains,  which  once  formed,  beyond  doubt,  a  continuous 
part  of  the  same  system,  and  is  now  only  separated  from  it  by  the  great  breaks 
and  dislocations  described  in  the  preceding  paper. 

The  principal  section  *  about  to  be  described,  commences  at  Penigent  in 
Horton  parish,  and,  passing  through  the  highest  mountains  of  the  range, 
ends  in  the  plain  of  Kirkby  Stephen.  Two  other  sectionsf  connect  this  line 
with  the  ridge  of  mountains  on  the  west  side  of  Swaledale.  Nearly  at  right 
angles  to  the  same  line  are  drawn  a  series  of  transverse  sections  X,  prolonged 
across  the  breaks  connected  with  the  great  Craven  yauft.  They  will,  I  hope, 
place  in  a  striking  point  of  view  some  of  the  internal  movements  which  took 
place  when  the  chain  was  elevated,  just  before  the  period  of  the  new  red 
sandstone. 

The  old  red  conglomerates  do  not  appear  in  any  part  of  the  longitudinal 
section,  but  they  are  exposed  in  one  of  the  transverse  sections §,  and  are  seen 

*  See  Plate  VL  fig.  2.  t  Fig.  S.  and  4.  *  Fig.  5.  6.  7.  8.  and  9.         $  Fig.  8. 
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in  several  other  places^  at  the  junction  of  the  carboniferous  chain  with  the 
unconformable  greywacke  mountains  of  Westmoreland.  There  can,  there- 
fore, be  no  doubt  that  the  lowest  beds  of  the  carboniferous  system  of  this 
region  rest  upon  an  irregular  surface  of  unconformable  grey wacke  slate,  from 
which  they  are  separated,  here  and  there^  by  great  irregular  masses  of  old 
red  conglomerate. 

The  whole  overlying  series  is  essentially  composed  of  alternating  masses  of 
limestone,  sandstone,  and  carbonaceous  shale,  terminating  in  a  great  system 
of  beds  connected  with  the  millstone  grit.  The  limestone  groups  are  incom- 
parably the  most  continuous  and  the  best  defined,  and  form  a  kind  of  frame- 
work by  which  all  the  other  component  parts  are  held  together.  They  are 
six  in  number,  and  will  be  referred  to  in  the  several  sections,  under  the  fol- 
lowing names : — 1st,  Great  scar  limestone.  2nd,  Black  marble  limestone. 
3rd,  Strong  post  limestone.  4th,  Wold  or  Mosdale  Moor  limestone.  5th,  Four- 
fathom  limestone.  6th,  Main,  or  twelve-fathom  limestone.  The  names  given 
to  the  Ist,  5th,  and  6th  groups  are  in  common  use  in  the  North  of  England^ 
and  on  that  account  ought  not  to  be  changed.  The  other  three  groups  might 
be  conveniently  designated  in  the  section  by  the  names  2nd,  3rd,  and  4ih 
limestones :  but  these  names  would  cease  to  have  any  propriety  if  applied  to 
remote  parts  of  the  same  chain,  and  therefore  ought  not  to  be  made  use  ef, 
except  in  local  description. 

To  prevent  a  frequent  repetition  of  nearly  similar  details,  I  shall  commence 
with  an  enumeration  and  description,  in  the  ascending  order,  of  all  the  re- 
markable groups  of  strata  which  appear  upon  different  parts  of  the  lines  of 
section. 

§  2.  General  Section  of  the  whole  System,  in  the  ascending  order*. 

1.  Great  Scar  Limestone.  Total  thickness  about  600  f  feet. — The  term 
scar,  in  the  dialects  of  the  North,  means  any  bare  precipice  on  the  face  of  a 
mountain,  and  is  applied  with  great  propriety  to  this  limestone,  which  in  all 
parts  of  its  range  is  marked  by  grey  precipices  and  mural  escarpments.  The 
grey  scars  near  the  base  of  Ingleborough,  of  Penigent»  and  of  Whernside; 
the  mural  precipices  above  Giggleswick  and  Malham,  and  the  magnificent 
cavernous  gorge  of  Gordale,  are  among  the  striking  exhibitions  of  this  de- 
posit, and  present  a  nearly  exact  counterpart  to  the  features  of  the  same  lime- 
stone in  the  High  Peak  of  Derbyshire. 

•  See  PI.  VI.  fig.  1. 

t  This  number  is  merely  approximate,  and  there  are  only  a  few  places  where  the  whole  thick- 
ness 18  visible.  It  is  probably  very  variable,  as  the  deposit  has  taken  place  upon  an  uneven,  un- 
confbrmable  surface. 
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.  Like  the  Peak  limestone^  the  group^  here  described,  is  full  of  fissures  and 
clefts  (often  of  unknown  depth),  in  which  the  mountain  torrents  are  engulfed ; 
and,  after  running  in  subterranean  channels,  and  uniting  with  the  waters  of 
other  sources,  emerge  in  copious  streams  in  the  lower  regions  of  the  neigh- 
bouring valleys.  But  of  all  the  phsenomena  connected  with  the  drainage  of  the 
waters  through  the  scar  limestone,  the  beautiful  reciprocating  well  above 
Giggleswick  is  the  most  remarkable,  and  even  to  this  may  be  found  a  counter- 
part among  the  limestone  hills  of  Derbyshire. 

It  contains,  like  the  limestone  of  the  Peak,  many  caverns  of  consider- 
able extent ;  some  partly  open  to  the  surface,  others  only  to  be  approached 
through  a  narrow  horizontal  entrance.  In  some  of  these  great  subterranean 
recesses  we  find  waterfalls  of  no  common  grandeur ;  in  others  we  see  no 
waters,  but  we  hear  them  roaring  among  the  inaccessible  chambers  of  the 
rock.  As  a  general  rule,  these  caverns  have  perpendicular  walls,  and  often 
nearly  flat  roofs.  However  greatly  modified,  they  have,  therefore,  not  been 
formed  by  the  mere  long-continued  erosion  of  the  vraters  passing  through 
them.  When  the  conformation  is  such  as  I  have  pointed  out,  the  of^site 
walls  are  portions  of  the  same  stratum,  and  the  flat  roof  is  composed  of  the 
superincumbent  stratum  ;  and  the  cavern  has  the  exact  appearance  of  having 
been  formed  by  one  of  the  beds  sliding  off  horizontally  from  the  side  of  a  ver- 
tical joint.  I  do  not  think  such  a  movement  impossible.  The  component 
strata,  when  first  lifted  up,  were  perhaps  in  a  very  unequal  state  of  solidifica- 
tion, so  that  one  part  would  offer  a  greater  resistance  in  any  given  direction 
than  another.  The  points  of  greatest  stress  might  also  be  very  unequally  dif- 
fused ;  and,  in  consequence,  the  strata  may  have  started  among  themselves, 
and  undergone  considerable  relative  movements,  not  unlike  those  we  may 
observe  among  the  timbers  of  a  ship  which  has  been  wrecked,  and  thrown 
violently  on  her  beam  ends.  In  this  way  some  caverns  may  have  been  formed 
by  the  sliding  of  solid  beds  upon  each  other,  some  by  the  gradual  removal  of 
incoherent  or  imperfectly  solidified  portions  of  the  rock,  and  others  by  both 
causes  combined.  The  subject  is  one  of  considerable  difficulty,  and  I  wish  to 
exclude  no  agent  from  its  proper  share  in  producing  the  existing  appearances. 
All  I  contend  for  is,  that  in  such  cases  as  I  have  alluded  to,  the  slow  erosion 
of  the  waters  flowing  through  the  interior  chambers  of  the  scar  limestone  is 
not  the  kind  of  action  by  which  its  great  caverns  have  been  scooped  out. 

The  mineral  characters  of  the  scar  limestone  are  too  well  known  to  be 
detailed  at  any  length.  The  great  bottom  shales  found  in  so  many  parts  of 
England  are  almost  entirely  wanting  in  the  line  of  section,  and  in  the  neigh- 
bouring country.  Perhaps  they  are  represented,  in  a  very  obscure  form,  by 
some  dark-coloured  beds  of  impure  limestone,  separated  by  bands  of  shale. 
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which  occur  here  and  there  at  the  base  of  the  series.  In  the  same  position 
are  rarely  found  some  dark  and  nearly  compact  beds^  resembling  the  black 
marble  series^  but  unfit  for  use;  and  in  the  prolongation  of  the  longitudinal 
section  towards  the  north  (for  example^  near  Ravenstonedale  and  Kirkby 
Stephen)^  beds  of  reddish  sandstone  alternate  with  the  lower  portion  of  the 
scar  limestone,  and  the  whole  group  begins  to  approximate  to  the  type  of  the 
Cross  Fell  chain  *. 

There  are  no  bands  of  coal  subordinate  to  the  limestone  on  the  sectional 
lines ;  but  carbonaceous  and  bituminous  matter  are  the  colouring  principle  of 
all  the  darker  beds.  In  some  instances  this  colouring  matter  is  so  unequally 
diffused^  that  after  a  recent  fracture^  or  on  a  polished  surface^  it  appears  in 
the  form  of  dark  cloudy  blotches  upon  a  light  grey  base.  It  is  this  arrange- 
ment of  colours^  arising  out  of  the  irregular  diffusion  of  the  bituminous  matter^ 
which  constitutes  the  beauty  of  some  marbles  in  the  North  of  England f. 
Near  the  line  of  section,  however,  no  beds  appear  in  this  limestone  which  are 
fit  for  polishing,  and  very  few  indeed  which  are  well  suited  to  the  commonest 
domestic  architecture.  In  general  they  have  an  irregular  fissured  or  shaken 
texture,  which  unfits  them  for  such  uses.  It  is,  perhaps,  hardly  necessary  to 
add — that  their  prevailing  colours  are  light  grey  or  bluish  grey,  from  which 
they  change,  through  every  variety  of  shade,  into  dark  blue,  or  bluish  black 
— that  their  mineral  characters  are  such  as  link  them  to  transition  limestone 
— and  that  they  contain  in  great  abundance  coralline,  encrinites,  and  all  the 
ordinary  well-known  fossils  of  the  carboniferous  limestone^. 

The  highest  beds  of  this  group  often  become  impure,  and,  for  about  thirty 
or  forty  feet,  alternate  with  beds  of  sandstone  and  calcareous  shale ;  in  this 
way  forming  a  gradual  passage  into  the  next  superior  group. 

S.  Group  of  Sandstone  and  Shale.     Greatest  thickness  150  feet 

The  thickness  of  this  group  is  extremely  variable,  being  in  some  places  not 
more  than  twenty  or  thirty  feet :  but  when  it  is  best  developed,  it  appears  to 
admit  of  the  following  subdivisions : — 

(a.)  Dark-coloured  shale,  with  nodules  of  clay  iron-stone. 


*  In  Tarioas  parts  of  the  North  of  England,  where  the  hottom  beds  of  the  scar  ImesUme  rest 
immediately  upon  greywacke,  they  contain  rolled  pebbles  of  the  inferior  rock,  and  occasionally 
pass  into  a  coarse  conglomerate  form.  (See  Geol.  Trans.,  Second  Series,  T<d.  iii.  p.  10,  Stc*  &'c) 
This  structure  seems  to  have  originated  in  the  last  feeble  efforts  of  those  causes  which  in  other 
places  produced  the  great  masses  of  old  red  conglomerate. 

t  The  Beetham  Fell  marble*  near  Milnthorpe  in  Westmoreland,  is  the  most  remarkable  instance 
of  this  kind,  and  it  is  subordinate  to  the  great  jcar  imestome. 

X  Some  of  the  rare  corallines,  described  by  the  late  Mr.  Parkinson,  were  collected  fnwn  k>ca- 
Uties  near  the  line  of  section.    See  '*  Organic  Remains,"  vol,  iL  PL  \1.  6g.  9.  ftc  &c. 
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(6.)  Alternation^  of  sandy^  micaceous  shale,  and  brown,  micaceous  sandstone^ 
generally  of  a  coarse,  flaggy,  or  slaty  structure. 

(c.)  Strong  beds  of  hard,  micaceous  gritstone,  alternating  with  similar 
masses  of  slaty  texture,  and  generally  surmounted  by  a  few  beds  of  meagre, 
sandy  shale. 

Wherever  the  shale  beds  abound,  the  thickness  of  the  whole  group  is  ex- 
tremely variable.  The  micaceous  flagstones  of  the  middle  portion  are  some- 
times wanting,  and  the  group  is  then  composed  of  carbonaceous  shale,  iron- 
stone, and  gritstone.  One  of  the  finest  exhibitions  of  this  group  is  at  the 
waterfall  of  Hardraw  Scar  near  Hawes.  It  is  also  well  exposed  by  the  many 
torrents  which  descend  from  the  mountains  on  both  sides  of  the  valley  of  Dent. 

3.  Second  Limestone,  or  Black  Marble  Group.  Greatest  thickness  about 
45  feet ;  average  thickness  about  SO  feet. 

This  group  is  distinguished  from  all  the  rest  by  the  regularity  of  its  strati- 
fication, which  often  makes  it  look,  on  the  face  of  a  precipice,  like  a  rude 
work  of  masonry ;  also  by  its  dark-coloured,  compact  beds  with  a  conchoidal 
fracture  *.  Some  of  these  beds  take  a  beautiful  polish ;  and  when  they  can 
be  raised  in  large  slabs  free  from  white  spots,  and  without  seams  or  cross 
joints,  are  of  considerable  value.  Unfortunately  many  of  the  quarries  are 
almost  spoilt  by  the  cracks  and  fissures  which  traverse  all  the  component 
strata :  and  many  of  the  more  solid  masses  are  injured  by  the  imbedded  or- 
ganic remains  (such  as  Encrinites,  Caryophyllias,  Products,  Spirifers,  &c. 
&c.),  replaced  by  pure  white  carbonate  of  lime  containing  little  of  the  carbon 
and  bitumen  which  form  the  dark  colouring  matter  of  the  rock. 

The  thin  bands  of  bituminous  shale,  separating  these  limestone  beds,  also 
contain  organic  remains  ;  and,  among  the  rest,  innumerable  specimens  of  the 
RrodMcta  latissima  and  P.  Scotica,  which  may  be  almost  considered  as  charac- 
teristic of  this  group. 

Nearly  all  the  quarries,  in  the  neighbourhood  of  the  lines  of  section,  from 
which  the  black  marble  has  been  exported,  are  found  in  the  valley  of  Dent. 
I  have  however  traced  them,  in  the  exact  position  here  indicated,  through 
Horton  parish,  on  both  sides  of  Chapel  le  Dale,  in  Kingsdale,  and  in  Gars- 
dale.  They  may  be  also  traced  through  a  part  of  Wensleydale,  and  appear 
at  the  top  of  the  precipice  of  Hardraw,  over  which  tumble  the  waters  of  a 
mountain  torrent,  forming  one  of  the  grandest  waterfalls  in  the  North  of 
England.    They  are  there  however  so  much  changed  in  structure,  that  they 

^  McMTt  of  the  beds  before  polishing  have  a  bloith  tinge,  and  their  weathered  sur&ces  are  of  a 
greyish  colour.  On  being  burnt,  they  are  reduced  to  a  beautiful  white  calx,  all  the  colouring  bi- 
tuminous matter  being  driven  off. 

TOL.  IT.— SECOND  SERIES.  L 
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are  only  identified  by  their  relation  to  the  other  g^^oups^  and  by  beds  of  the 
Producta  latissima  and  P.  Scotica  which  follow  thera. 

4.  Group  of  Sandstone,  Shale,  and  Calcareous  Grit,  8fc.  Maximum  thick- 
ness 150  feet;  average  thickness  about  60  or  70  feet. 

The  arrangement  of  the  subordinate  parts  of  this  group  is  extremely  vari- 
able^ as  the  different  masses  frequently  seem  to  replace  each  other.  In  an 
approximate  way  the  group  may  be  subdivided  as  follows. 

(a.)  Dark-coloured  shale^  with  one  or  two  bands  of  crow-limestone  or  cal- 
liard. 

(6.)  Hard  beds  of  brownish^  siliceous  grit^  generally  of  a  somewhat  slat/ 
texture ;  containing  subordinate^  strongs  hard  beds  of  a  calciferous  grit^  some- 
times ferruginous. 

(c.)  Alternating  bands  of  hard^  brown^  Asiggy  g^^^  ^uid  shale. 

The  beds  of  calciferous  grit  are  extremely  characteristic  of  this  group^  and 
are  sometimes  so  expanded  as  to  form  a  prominent  part  of  it.  Within  they 
are  of  a  greyish  colour ;  but  their  weathered  surfaces  are  generally  brown^ 
from  the  presence  of  iron.  The  quantity  of  calcareous  matter  contained  in 
them  is  very  variable^  as  they  pass  at  one  extreme  into  pure^  close-grained^ 
siliceous  grit ;  and  at  the  other,  where  organic  remains  are  abundant  (which 
is  however  rarely  the  case),  into  a  nearly  pure  limestone. 

The  crow-limestone  or  calliard  is  not  so  characteristic^  as  it  is,  here  and 
there,  subordinate  to  all  the  great  masses  which  alternate  with  the  six  groups 
of  limestone.  It  may  however  be  proper  to  explain  these  synonymous  pro- 
vincial terms,  as  they  will  be  frequently  used  in  the  following  details.  They 
are  applied  to  a  very  impure  variety  of  shelly  limestone  which  is  sometimes 
associated  with  gritstone,  and  then  passes  irregularly  into  calciferous  grit, 
but  most  frequently  is  subordinate  to  the  beds  of  dark-coloured  shale.  In  the 
latter  position  it  sometimes  appears  in  the  form  of  concretions ;  but  more  fre- 
quently in  irregular  bands,  seldom  more  than  one  or  two  feet  in  thickness. 
The  outer  surface  of  this  crow-limestone  is  very  irregular,  and  is  generally 
covered  with  a  thin,  earthy  coat  of  hydrate  of  iron.  It  is  very  ponderous,  in 
parts  reaching  the  specific  gravity  of  the  nodules  of  argillaceous  iron  ore.  li 
is  difficult  of  fracture ;  but  when  broken  almost  always  shows  a  bluish,  cal- 
careous interior;  and  rarely  has  a  core  of  nearly  pure  limestone. 

It  contains  innumerable  organic  remains,  especially  large  specimens  of  a 
species  of  Producta ;  and  from  the  crescent-shaped  impressions  of  that  shelly 
the  miners  sometimes  designate  it  by  the  name  of  horse-shoe  hmestone*.     It 

*  The  specific  characters  are  generally  obscure ;  but  I  believe  the  large  Productse  belong  chiefly 
to  the  species  Producta  Scotica, 
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is  obvious^  that  it  owes  its  existence  to  the  accidental  presence  of  beds  of 
^ells  (chiefly  of  the  genus  Producta)^  during  the  deposits  of  the  great  masses 
of  shale — that  these  shells  supplied  a  considerable  portion  of  the  calcareous 
matter—and  that  they  also  caused  the  precipitation  or  separation  of  the  ferru- 
ginous and  pyritous  matter^  and  of  the  other  constituents  commonly  found 
together  in  these  caUiarda. 

In  the  upper  division  (c.)  of  the  group  here  described^  there  is  in  some 
places  a  band  of  coal :  but  as  it  is  in  general  not  more  than  a  few  inches  in 
thickness,  it  has  never  been  worked  to  any  profit*. 

5.  Strong  Post  Limestone.  Thickness  nearly  the  same  as  the  black  marble 
series  (No.  3.),  averaging  about  30  feet. 

This  group,  in  its  mode  of  bedding,  in  its  colour,  and  in  the  dark  bands  of 
shale  which  alternate  with  the  strata,  nearly  resembles  the  black  marble  system. 
The  beds  are  however  stronger,  thicker,  and  coarser ;  and  though  generally 
unfit  for  polishing,  afford  a  beautiful  material  for  the  construction  of  door* 
posts,  small  pillars^  coignes,  coping-stones,  &c.f 

I  have  traced  this  group  in  the  position  here  indicated,  through  the  flanks 
of  Ingleborough,  Penigent,  and  Whemside ;  all  round  the  valley  of  Dent ; 
through  the  upper  part  of  Garsdale  ;  and  through  a  part  of  the  chain  of  hills 
between  Wensleydale  and  Swaledale.  There  can,  therefore,  be  no  doubt  of 
its  continuity  through  all  the  country  bordering  on  the  southern  and  central 
part  of  the  principal  section. 

6.  AUemations  of  Fissile  Gritstone  and  Carbonaceous  Shale.  Greatest 
thickness  150  feet;  average  thickness  about  120  feet.  The  alternations  are 
indefinite ;  but  on  the  whole  the  group  may  be  conveniently  separated  as 
follows. 

(a.)  Alternations  of  gritstone  and  shale ;  the  gritstone  sometimes  rising  in 
strong  beds ;  but  more  frequently  micaceous  and  of  a  flaggy  structure. 

(6.)  Carbonaceous  shale  and  gritstone  with  a  band  of  coal ;  also  with  two 
thin  bands  of  crow-limestone  or  calliard. 

(c.)  Hard,  brown,  and  light  grey,  micaceous  g^it,  with  bands  of  shale ;  the 
micaceous  grit  in  some  places  highly  fissile,  and  forming  a  good  roofing  slate. 

The  most  important  bed  in  this  group  is  the  coal  in  division  {b).     It  is  ex- 

*  I  have  been  informed  that  works  were  formerly  opened  in  this  bed  at  Load  Gill  on  the  south 
aide  of  Dent,  and  also  on  the  north  side  of  Garsdale,  but  with  very  little  success. 

t  Attempts  have,  I  believe,  been  made,  but  without  success,  to  polish  some  of  the  darker  beds 
containing  many  very  small  encrinital  stems.  A  small,  dark-coloured,  encrinital  marble,  found  in 
Derbyshire,  and  other  parts  of  the  carboniferous  chain,  is  provincially  called  bird^t'eye  marble ; 
and  18  occaaionaUy  found  subordinate  to  the  black  marble  group. 

l2 
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tensively  worked  in  the  Barbon  and  Casterton  liberties^  where  it  is  about 
fourteen  inches  thick.  The  lower  part  of  this  bed  is  however, so  impure^  as 
to  be  unfit  for  domestic  use^  and  is  chiefly  consumed  in  lime-works^.  An 
attempt  is  now  making  to  work  the  same  bed  in  the  adjoining  liberty  of  Dentf . 
It  is  also  worked  at  Stoth  pits  near  Hawes^  in  Baw  Fell  above  Sedbergh^  and 
at  Kitchen  Gill  on  the  side  of  Naitby  Fell  near  Kirkby  Stephen  ;  and  there 
are  many  traces  of  old  works  in  the  same  bed  near  Garsdale  Head;];.  I  am 
certain  that  in  all  these  places  the  coal  is  very  nearly  on  the  same  geological 
parallel.  It  must  therefore  have  been  very  widely  extended.  But  it  was  by 
no  means  continuous,  as  is  proved  by  innumerable  sections  through  this  group^ 
which  perpetually  varies  in  its  composition^  and  in  which  there  is  often  no 
indication  whatsoever  of  the  coal-bed.  It  deserves  remark  that  the  two  thin 
caUiard  beds  appear  to  be  continuous  for  many  miles. 

The  slate-beds  in  division  (c.)  are  next  in  importance.  They  have  been 
extensively  worked  in  several  places ;  especially  at  Wydern  and  Kirkbank  in 
the  valley  of  Dent :  but  the  most  beautiful  example  of  these  beds  is  in  Cow 
Gill^  about  five  miles  above  the  village^  where  there  is  a  quarry  of  hard^  white^ 
siliceous  g^it  capable  of  being  split  into  very  thin  flags^  coated  with  silvery 
mica^  and  forming  the  most  beautiful  roofing  slate  I  have  seen  in  the  carboni* 
ferous  chain. 

7.  Mosdale  Moor  or  Wold  Limestone^.  Average  thickness  from  SO  to  40 
feet. 

*  Section,  in  descending  order,  from  the  shaft  of  the  Barbon  coal-pits : — 

Feet.  Inch. 

1.  AUuvial  yoil,  &c 52     6 

2.  Plate  (calcareous  shale)     1     6 

3.  Limestone  (the  fourth,  or  Mosdale 

Moor  limestone,  of  the  general 
section) 27     0 

4.  Gritstone   27     0 

The  crow-limestone  (No.  7.)  more  commonly  appears  in  the  form  of  two  distinct  bands  sepa- 
rated by  a  bed  of  impure,  pyritous  shale.  In  this  section,  the  beds  seem  to  have  run  together ; 
probably  by  the  partial  disappearance,  or  thinning  out  of  the  pyritous  shale. 

t  The  attempt  was  unsuccessful,  and  the  works  have  been  deserted  since  the  above  passage  was 
written. 

X  I  have  been  informed  that  the  coal  of  Kitchen  Gill  is  eighteen  inches  thick ;  but  I  have  seen 
no  accurate  sections  of  the  works.  In  the  places  where  it  has  been  most  worked  the  average 
thickness  of  the  bed  is  not  much  more  than  a  foot. 

§  The  group  is  known  in  some  of  the  valleys  under  the  name  of  Wold' limestone:  as,  however, 
this  word  designates  any  tract  of  dry  green  pasture  land  rising  out  of  the  morasses  of  the  carboni- 
ferous chain ;  and  as  this  kind  of  soil  marks,  more  or  less,  the  range  of  all  the  calcareous  groups ; 
the  term  wold  is  a  bad  distinctive  name  for  any  one  of  them. 


F)Bct>  Indl. 

5.  Alternations  ofgritstone  and  shale  12  0 

6.  Shale 30  0 

7.  Crow-limestone 2  0 

8.  Plate,  with  a  three-inch  crow-coal  1  6 

9.  Gritstone  27  0 

10.  Coal   I  2 
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This  limestone  is  less  regularly  bedded  than  the  two  preceding  groups 
(Nos.  3.  and  b.).  The  bottom  beds  are  generally  of  a  grey  colour  and  of  an 
open^  shaken  texture.  They  are  frequently  surmounted  by  two  or  three 
coarse^  strong  beds  of  a  grey  colour^  not  to  be  mineralogically  distinguished 
from  the  most  ordinary  varieties  of  ^the  great  scar  limestaney  containing 
various  fossils^  apparently  distributed  without  regularity.  The  higher  beds 
become  thinner^  more  compact,  and  sometimes  contain  many  encrinital  stems^ 
and  are  occasionally  of  a  dark  colour.  In  the  highest  part  of  the  series^  the 
beds  alternate  with  bands  of  dark  shale^  become  impure  and  ferruginous^  and 
frequently  pass  into  the  state  of  crow-limestone  or  caUiard,  with  many  large 
Products. 

Detailed  sections  of  this  division  would,  no  doubt^  offer  many  modifications ; 
but  few  quarries  have  been  opened  in  it,  since  it  contains  no  beds  of  any  pe- 
culiar value,  and  many  parts  of  it  are  obscured  by  alluvial  accumulations.  It 
may,  however,  be  tracked  without  any  difficulty,  wherever  it  rises  to  the  day, 
along  the  sides  of  all  the  mountains  which  range  near  the  lines  of  section  ; 
as  well  as  in  all  the  various  systems  of  valleys  which  branch  among  the  moun- 
tains between  Askrigg  and  Kirkby  Stephen.  It  has  indeed  been  important  to 
make  out  its  continuity,  as  it  forms  the  roof  of  a  series  of  beds  to  which  the 
Barbon  coal  seam  is  subordinate  (No.  6.  (6.)) 

8.  AttematUms  of  Sandstone,  Fissile  Gritstone,  and  Shale.  This  is  by 
much  the  most  remarkable  of  all  the  groups  alternating  with  the  beds  of  lime- 
stone. Its  greatest  thickness  is  perhaps  as  much  as  350  feet;  and  its 
average  thickness  in  the  central  and  southern  parts  of  the  section  is  about 
SOO  feet. 

Like  all  the  other  masses  composed  of  sandstone  and  shale^  it  is  extremely 
variable  in  its  structure,  the  subordinate  parts  either  disappearing  or  replacing 
each  other.  In  some  places  the  alternations  are  indefinite:  but  on  the  whole 
it  admits  of  the  following  approximate  subdivisions. 

(a.)  Alternations  of  slaty,  micaceous  gritstone  and  shale,  sometimes  con- 
taining bands  of  crow-limestone. 

(6.)  Shale  with  bands  of  gritstone. 

(c.)  Micaceous,  fissile  gritstone  with  thin  bands  of  shale,  and  with  subordi- 
nate masses  of  coarse  gritstone. 

There  are  very  fine  quarries  in  the  lower  division  (a.),  especially  at  Raw- 
thay  Gill  (between  Ravenstone  Dale  and  Sedbergh),  where  in  colour  the 
gritstone  somewhat  resembles  the  Pennant  stone  of  Bristol;  but  is  more 
micaceous  and  fissile,  and  generally  of  a  more  open  grain.  In  the  higher 
part  of  the  upper  division  (c),  the  fissile  beds  have  been  extensively  worked 
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for  roofing  slate  and  flagstone^  (e.  g.  Garsdale  Hall  pastures^  High  Pike  in 
Dent^  and  all  round  the  upper  precipices  of  Ingleborough^  &c.  &c.)  They 
are  generally  of  a  dark  bluish  grey  colour^  and  are  liable  to  decomposition. 
Round  Ingleborough  they  are  however  of  a  brownish  grey  colour^  and  of  a 
closer  texture.  Strong  beds  of  grey  sandstone  occur  in  the  lower  part  of  this 
division  (c.) ;  which  sometimes^  though  very  rarely^  become  of  so  coarse  a 
texture  as  to  resemble  millstone  grit. 

Two  thin  bands  of  bright  coal  have  been  found  (at  Rawthay  Gill  and  Ingle-? 
borough)^  one  in  the  lower  (a.)  and  the  other  in  the  upper  division  (c.)  of  this 
group:  and  between  Brough  and  Stainmoor  (to  the  north  of  the  line  of  section) 
it  contains  a  bed  of  coal^  which  has  been  worked  to  a  considerable  extent. 

In  some  of  the  hills  near  the  head  of  Wensley  Dale  (e.  g.  Stag's  Fell  near 
Hawes^  &c.)  the  shale-beds  almost  disappear;  and  the  group  passes  into  a 
complex  deposit  of  hard^  grey^  micaceous  gritstone,  some  parts  of  which  afford 
a  good  building-stone,  and  other  more  fissile  parts,  a  material  for  flagstone 
and  roofing  slate. 

9.  Four-fathom  Ldmestone.  Notwithstanding  the  name  by  which  it  is  de- 
signated in  the  mining  districts  of  the  North  of  England,  this  limestone  group 
is  of  much  more  variable  thickness  than  any  of  the  three  preceding  (Nos.  3. 5^ 
7.) :  but  I  believe  that  it  in  no  insti|fice  entirely  disappears.  In  some  places  it 
is  not  more  than  ten  or  twelve  feet  in  thickness ;  in  others  it  is  much  more  ex- 
panded, and  is  not  less  than  thirty  or  forty  feet  thick.  Changes  ranging  within 
these  limits  are  several  times  repeated,  as  may  be  proved  by  tracing  these  beds 
through  the  mountains  at  the  head  of  Dent  and  Garsdale.  Its  average  thick- 
ness in  these  regions  is  perhaps  less  than  that  which  is  indicated  by  its  name. 
The  bottom  of  the  series,  as  usual,  is  impure,  and  is  deposited  in  irregular, 
grey  beds  with  traces  of  fossils.  The  middle  portion  is  much  more  regularly 
bedded,  and  contains  innumerable  fossils,  especially  encrinital  stems.  Indeed^ 
where  the  middle  and  upper  portions  of  this  group  are  largely  developed,  we 
find  that  large  encrinital  stems  form  the  greater  part  of  the  substance  of  the 
successive  beds;  and  where  the  same  portions  are  ill  developed,  the  stems  are 
fewer  in  number  and  less  in  size* — a  fact,  which  shows  the  large  share  these 
extraordinary  fossils  had  in  the  formation  of  the  several  beds. 

At  the  top  of  this  group  we  here  and  there  find  cherty,  siliceous  beds,  with 
casts  of  encrinital  stems  (like  the  well-known  Derbyshire  screw-stones)  alter- 
nating with  bands  of  calcareous  shale,  containing  innumerable,  flattened  Pro- 
ductse.     These  beds,  though  unimportant  in  themselves,  offer  us  a  valuable 

*  In  the  bills  south  of  Dent  the  variety  called  bird^s-eye  marble  abounds  in  this  group. — See 
above,  Note  f  to  page  75, 
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andog^y  by  help  of  which  we  compare  them  with  the  cherty  beds  in  the^tir* 
fathom  limestone  of  the  mining  districts  of  Swaledale  and  Arkendale. 

The  strongest  masses  of  this  group  (in  which  the  fossils  are  all  more  or  less 
white  and  crystalline^  and  imbedded  in  a  dull  grey^  nearly  compact  limestone)^ 
are^  on  the  north  side  of  Garsdale^  extensively  quarried  for  the  Kendal  marble 
works ;  and  works  were  opened  on  the  corresponding  strata  in  the  valley  of 
Dent^  but  are  now  deserted ;  a  better  material  having  been  there  discovered 
in  the  ttoelve-fathom  limestone. 

10.  Gritstone,  Coal,  and  Shale.  Thickness  varying  from  50  to  80  feet. 
The  prevailing  order  appears  to  be  nearly  as  follows : 

(a.)  Thin-bedded  gritstone^  sometimes  coarse-grained. 

(6.)  Coal  and  carbonaceous  shale. 

(c.)  Bands  of  light-coloured^  micaceous  grit. 

The  lowest  division  (a.)  is  of  very  variable  structure.  It  is  in  some  places 
very  coarse-grained ;  but  in  Uldale^  between  Swath  Fell  and  Baw  Fell^  it 
passes  into  a  dark^  compact^  siliceous  mass^  exactly  like  the  metalliferous  chert 
of  Swaledale.  Along  the  line  of  section  this  cherty  form  is^  however^  an  ex- 
ception to  the  prevailing  structure.  The  coal  varies  in  thickness  from  a  mere 
trace  to  two  feet^  and  is  in  many  places  of  excellent  quality*.  When  it  reaches 
its  maximum  thickness^  it  is^  however^  generally  mixed  with  shale  and  other 
impurities.  To  the  north  of  Ingleborough^  no  member  of  the  whole  series  is 
more  continuous  than  this  coal-bed  and  its  superincumbent  shale ;  and  it  has^ 
been  worked^  more  or  less^  in  almost  every  mountain  near  the  lines  of  section. 
But  in  Ingleborough  and  Penigent  the  whole  group  here  described  thins  out 
to  such  a  dcg^ee^  that  the  four-fathom  and  twelvefathom  limestones  become 
confounded^  and  present  a  single  unbroken  escarpment  To  the  north  of  the 
line  of  section  the  same  coal  is  now  extensively  worked  in  the  neighbourhood 
of  Brough. 

11.  Twelvefathom  Ldmestone.  This  system  of  beds  makes  a  striking  fea- 
ture in  many  parts  of  the  carboniferous  chain  of  the  Norths  being  the  highest 
limestone  group  of  sufficient  thickness  to  give  any  character  to  the  soil  or  to 
produce  a  distinct  escarpment.    In  some  districts  it  forms  the  crown  of  a  long 

*  This  coal  was  fonnerly  worked  to  a  considerable  extent,  by  means  of  horizontal  drifls,  under 
Cjieat  Colm,  on  the  south  side  of  the  valley  of  Dent,  though  not  more  than  five  or  six  inches  in 
thickness.  It  was  of  excellent  quality,  and  in  such  request,  that  about  seventy  or  eighty  years 
since,  it  was  sent  on  pack-horses  over  the  mountains  as  far  as  Kendal  for  the  use  of  the  black- 
smiths' forges,  &c.  I  know  of  no  fact  which  places  in  a  more  striking  point  of  view  the  great  im- 
provements in  internal  communication  within  the  period  above  mentioned.  A  supply  like  this 
would  now  be  utterly  worthless.  The  extensive  manu&ctories  of  Kendal  have  long  been  supplied 
with  fiiel  from  the  great  Lancashire  coal-fields. 
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wmcttmHoa  of  tabofarr  hilb ;  in  otben^  il  bam  a  temce  %m  the  sides  of  the 
moantaiM  tenoinatiii^  a  soccearioD  of  greea  paitares,  which  rise  in  inter- 
rapled  slopes  firom  the  neighboorin|^  falejs.  Above  it  the  strata  often  lie 
concealed  under  accomohitions  of  Mack  tnrf  bo^ ;  and  the  hiighest  sammits  (tf 
the  noonfains  terminate  in  great  irregnkr  ssasses  of  tabriar  millrtone  grit 
Near  the  line  of  section  ito  greatest  thickneas  is  abort  eigh^  feet ;  botinone 
or  two  {daces  it  thins  off  and  almost  comes  to  an  ed^ ;  and  its  average  thick- 
ness is  nnder  twdre  fethoms. 

The  mineral  charactos  of  the  groop  are  so  nearly  the  same  with  those  of 
ihe  fumr-fatkam  UmtMUme,  that  the  same  description  ma j  afanost  serre  for  both. 
Its  prefailing  coloors  are  grey^  and  some  of  the  beds  cxacdj  resemble  ordinary 
specimens  of  the  great  Bear  limestone.  Most  commonly  this  groop  is  distin- 
gnkhed  by  the  abundance  of  encrinital  stems^  whidi  in  some  rare  instances 
so  neariy  constitnte  the  whole  mass  of  the  strata,  that  the  cessenting  principle 
is  almost  wanting,  and  the  weathoed  snrfiices  of  the  blocks  nfudly  disinte- 
grate and  fen  into  innumerable  cylindrical  fragments*.  In  general^  howerer^ 
the  encrinital  fragments  are  held  firmly  t<^;ether  by  a  grey^  sobcrystaDine,  cal- 
careous cement,  and  form  hard  beds^  the  most  r^ufaur  of  which  admit  of  a 
good  pcHA.  The  most  beautiful  variety  of  this  fossil  marUe,  is  obtained  from 
one  or  two  of  the  upper  beds  of  this  group^  and  is  quarried  at  Snays-wold  FeD^ 
between  Dent  and  Garsdale.  The  dull  grey  base  in  which  the  fossils  are 
commonly  imbedded,  is  there  enlivened  by  many  dark  cloudy  blotches,  arising 
out  of  the  irregular  distribution  of  the  colouring  bituminous  matter.  The 
group  appears  to  terminate  in  a  few,  thin,  impure  beds  of  dark  bluish  lime- 
stone alternating  with  slaty  gritstone  and  carbonaceous  shale f. 

So  fiur  the  relations  of  the  successive  groups  may  be  ascertained  with  a  near 

*  Beds  of  tbk  kind  bum  to  a  pore  lime  rerj  readily :  but  on  extractii^  it  from  the  kilnsy  in- 
stead of  oomiog  oot  in  such  lumps  as  are  couTenient  for  transport,  the  lime  frequently  fidls  at  onoe 
into  a  fine  impalpable  powder.  Some  beds  of  this  kind  overlie  the  ooal-aeam  (No.  10  (&.))  at  a 
hin  called  The  Cross  in  the  Talky  of  Dent. 

f  Section  of  the  marble  quarry  of  Snays^wdd  FeD,  in  the 


1.  Carbonaceous  shale 4 

2.  Flaggy,  brown  grit 1 

S.  Hard,  dark  blue,  impure  limestone  2 
4.  Shale  and  gritstone  irr^ularly  mix- 
ed together,  and  containing  much 
calcareous  matter  in  nodular 
masses,  with  large  stems  of  En- 
crinites 0 


0 
0 

4 


10 


5.  Hard,  dark  blue  limestcme,  and  a 

thin  band  of  shale 1 

6.  Fine,  compact  bed,  with  crystalline 

stems  of  Encrinites 1 

7.  Shattered  beds  and  shale 0 

8.  Strong  Encrinite  bed S 

9.  Lower  calcareous  bedt  not  exposed 

in  the  section. 


10 
G 
O 


Nos.  6.  and  8.  are  the  only  beds  used  in  the  marble  works. 
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approach  to  accuracy^  as  the  various  limestone  deposits  offer  a  series  of  g>ood 
base  lines  to  which  all  the  distant  observations  may  be  referred.  But  in  the 
remaining  part  of  the  ascending  series  we  lose  all  our  lines  of  verification ; 
and  the  sections^  as  might  have  been  expected^  differ  very  widely  in  their 
details.  Out  of  much  apparent  confusion^  we  may^  however,  make  out  an 
approximate  order,  and  divide  a  great  thickness  of  strata  into  groups  suf- 
ficiently extended  to  admit  of  a  general  comparison  among  themselves. 

12.  Great  upper  Shale.  Thickness  varying  from  40  or  50  to  nearly  800  feet. 
This  group  is  complex,  containing,  here  and  there,  a  band  of  crow-limestone, 

and  having  many  subordinate  masses  of  grit,  generally  of  a  thin,  slaty  texture. 
On  the  whole,  however,  it  is  characterized  by  a  dark-coloured  shale,  and 
makes  a  remarkable  feature  in  the  higher  parts  of  many  of  the  mountains, 
being  often  laid  bare  by  the  deep  water-channels  which  intersect  the  boggy 
region  between  the^rsf  millstone  grit  and  the  twelve-fathom  limestone. 

On  the  south  side  of  Baw  Fell  (in  the  brow  above  the  marble  quarry  men- 
tioned above  (p.  79.)),  a  five-inch  coal  is,  I  believe,  subordinate  to  this  group ; 
and,  on  the  west  side  of  the  mountain,  it  contains  a  strong  band  of  crow-lime- 
stone. In  a  part  of  Swaledale  it  contains  the  mmn  chert,  black  beds,  red  beds, 
iran  beds,  &c.  enumerated  in  the  detailed  sections  of  the  miners  in  that  district. 

13.  First  Millstone  Grit.   Thickness  varying  from  20  to  60  feet. 

The  term  is  here  used  with  considerable  latitude,  being  applied  to  a  group 
of  strata,  a  part  only  of  which  has  the  true  character  of  millstone  grit.  When 
used  more  strictly,  it  designates  a  coarse,  open-grained,  siliceous  gritstone  very 
irregularly  bedded,  often  subdivided  by  lines  not  parallel  to  the  planes  of  stra- 
tification, and  usually  containing  a  considerable  quantity  of  kaolin,  and  small 
rounded  pieces  of  opaque  quartz  interspersed  irregularly  through  its  mass. 

The  prevailing  colour  of  the  group,  here  described,  is  light  grey ;  but  this 
is  by  no  means  constant.  The  characteristic  millstone  grit  is  sometimes  found 
associated  with  all  parts  of  this  group ;  sometimes  only  with  the  upper  part ;  in 
which  case  the  lower  beds  generally  consist  of  a  hard,  light  grey,  thin-bedded 
aandstone.  Sometimes  the  millstone  bands  are  entirely  wanting,  and  then  the 
g^roup  (especially  when  the  beds  alternate  with  shale)  cannot  be  easily  sepa- 
rated from  that  which  is  next  superior  to  it. 

It  is  finely  exposed  in  the  last  precipice  of  Penigent,  and  in  the  strata  which 
form  the  crown  of  Ingleborough.  It  also  forms  a  part  of  the  higher  escarp- 
ment of  Whernside  and  of  Great  Colm^. 

^  The  open-grained  Tarietiet  of  gritstone  in  this  group  sometimes  decompose  into  a  sharp  sili- 
ceous sand,  which  is  much  used  in  the  saw-mills  where  the  marhle  blocks  are  divided  into  thin 
slabs  fit  for  polishing. 

TOL.  IV.— SECOND. SERIES.  M 


88  Prof.  Sedgwiol  on  the  Carbamferons  Chain 

14.  AUenuttions  of  hard,  thm-bedded,  brown  griMone,  and  dark-coloured 
earbonaeeous  shale,  with  two  or  three  beds  rf  coal.  Aterage  thickneas  along 
the  principal  line  of  Bection  about  60  feet 

In  some  of  the  neig^hbouring  regions  (for  example  among  the  moilntains  of 
Swaledale  Head),  this  group  contains  two  or  three  thin  beds  of  crow4ime^ 
stone,  and  its  aggregate  thickness  is  about  SOO  feet. 

The  only  bed  of  coal  which  has  been  much  worked,  is  in  the  lower  part  of 
the  group,  and  imries  firom  eighteen  inches  to  nearly  four  feet  in  thickness. 
At  Tan  Hill  near  the  highest  part  of  the  road  from  Brough  to  Arkendale,  and 
at  Tuma  FeU  near  Hawes,  this  coal  is  of  good  quality,  and  is  otensively 
woriLed.  Near  the  top  of  Penigent,  of  Whemside,  and  of  Great  Colm, 
horizontal  drifts  have  been  carried  into  this  bed ;  but  it  is  of  bad  quality,  and 
not  fit  for  domestic  use,  being  mixed  with  ferruginous  and  pyritous  shale*. 
The  hard,  brown  beds  of  grit  alternating  with  the  carbonaceous  shale,  are 
proTincially  termed  siU-stones. 

15.  Second  Millstone  Grit.  The  limits  of  this  group  are  very  ill  defined, 
and  its  thickness  Taries  from  40  or  50  to  ISO  feet. 

At  the  top  of  Penigent  and  Whemside  it  is  represented  by  an  open*grained, 
thin-'bedded,  siliceous  grit,  no  part  of  which  has  the  iq[)pearance  of  nrillstone. 
But  at  the  top  of  Baw  Fdl,  Wil^boar  Fell,  and  some  of  the  Swaledale  hifls,  it 
passes  into  great,  thick  beds  of  the  finest  millstone  grit 

16.  AUemations  of  gritstone  and  shale,  with  traces  of  a  thin  bed  of  coal. 
Thickness  about  100  feet 

The  band  of  coal  is  found,  here  and  there,  near  the  bottom  of  this  division. 
In  general  the  subordinate  shales  are  meagre,  sandy,  and  micaceous ;  and 
the  alternating  beds  of  grit  are  thin  and  open-grained,  like  certain  bands 
associated  with  the  groups  of  millstone  grit 

There  is  just  a  trace  i»f  this  group  at  the  top  of  Wildboar  Fell,  and  perhaps 
at  the  highest  point  of  Whernside,  under  the  soil  and  morass.  It  is  best  ex- 
posed under  the  highest  summit  of  Sbunner  Fell,  and  near  the  top  of  a  part 
of  the  high  ridge  between  Mollerstang  and  Swaledale  Head. 

17.  Upper  Millstone  Grit.     Thickness  120  feet 

*  As  not  less  thtn  tliree  beds  of  coal  are  found*  here  and  there,  subordinate  to  this  group,  it 
would  be  impossible  to  prove  that  in  all  the  above-mentioned  places  the  coal  is  precisely  upon  the 
same  parallel.  It  is,  however,  so  considered  by  the  miners  of  the  neighbouring  districts.  Near 
Kirkby  Stephen  it  generally  passes  under  the  name  of  the  Tan  Hill  seam,  that  being  the  locality 
of  the  most  valuable  coal  work,  established  upon  the  bed  in  question.  There,  however,  the  re- 
lations of  the  coal  to  the  neighbouring  groups  are  somewhat  obscure ;  and  in  a  general  description 
the  Tuma  Fell  seam  is  perhaps  the  best  name  which  can  be  given  to  it. 
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A  most  characteristic  exhibition  of  this  group  is  seen  at  Shunner  Fell  top^ 
and  on  tome  other  of  the  highest  eminences  of  Swaledale ;  but  it  does  not 
appear  anywhere  upon  the  longitudinal  line  of  section.  Like  the  other 
groups  (Nos.  13.  and  15.)^  it  varies  in  structure;  but  it  contains^  and  passes 
into,  masses  of  the  most  characteristic  millstone  grit. 

Here  terminate  the  details  of  the  general  section ;  and  with  one  limited 
exception^  no  higher  beds  appear  among  the  mountain  ridges  extending  from 
Penigent  to  Stainmoor^  and  to  the  mining  districts  of  Arkendale  and  Swale- 
dale. 

Before  commencing  the  description  of  the  longitudinal  section^  it  may  be 
expedient,  for  the  purpose  of  easy  reference,  to  give  a  tabular  view  of  the 
preceding  detailed  general  section. 

Carboniferous  limestone  series,  Sgc.,  in  the  descending  order*. 

OTMteft  thidmeM 
in  FmL 

17.  Upper  milktone  grit,  &c 120 

16.  Gritstone  and  shale,  with  traces  of  a  thin  bed  of  coal     100 

1^.  Second  millstone  grit,  &c 120 

14.  Alternations  of  hard  gritstone,  shale,  and  two  or  three  beds  of  coal.    Mean  thick- 
ness about  60  or  70  feet      i200 

Id.  First  millstone  grit.  See 60 

It.  Great  upper  shale 200 

11.  Twelve-faithom  limesUme 80 

10.  Gritstone,  coal,  and  shale 80 

c.  Bands  of  grey,  micaceous  grit.    b.  Coal  and  shale,    a.  Thin-bedded  grit. 

9.  Four-faihom  UmetUme  40 

8.  Sandstone,  fissile  gritstone,  and  shale S50 

c.  Micaceous,  slaty  grit,  with  bands  of  shale  and  a  trace  of  coal.  6.  Shale  with 
bands  of  gritstone,  a.  Slaty,  micaceous  grit  and  shale,  sometimes  with  a  trace 
of  coal. 

7*  Moidak  Moor  or  JVM  ImetUme     45 

6.  Fissile  gritstone,  and  carbonaceous  shale,  with  a  bed  of  coal • . «  160 

c.  Hard,  micaceous,  slaty  grit.     6.  Shale,  coal,  and  grit.    a.  Grit  and  shale. 

5.  Strong  post  limestone    • •  •  •  •  45 

4.  Sandstone,  shale,  and  calcareous  grit 150 

c.  Hard,  brown  grit,  shale,  and  a  trace  of  coal.     (•  Siliceous  and  calciferous  grit. 

a.  Dark  shale. 

5.  Second  limestome  or  black  nutrhle  group • 45 

2.  Sandstone  and  shale ••••• ••••     150 

c.  Hard  micaceous  grit  and  shale,  &c.    6.  Sandy,  micaceous  shale  and  brown  sand- 
stone,   a.  Dark  shale  and  iron-stone. 
I.  Ottat  Sear  Umettone, 600 

Total i5S5 

•  PI.  VI.  fig.  1. 
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The  thickness  from  the  bottom  of  the  whole  system  to  the  top  of  the  twelve- 
fathom  limestone  is  1735  feet^  as  determined  by  these  numbers ;  and  from  the 
top  of  the  great  Scar  limestone  to  the  top  of  the  twelve-fathom  limestone,  is 
1135  feet.  But  a  small  correction  must  be  made  on  account  of  dip;  and  a 
more  considerable  correction  on  account  of  over-estimate^  aU  the  beds  being 
taken  at  the  maximum  thickness^  which  is  never  the  case  in  any  one  section. 
After  all  the  deductions^  there  must  remain  a  thickness  of  about  1000  feet  for 
the  alternating  beds  between  the  top  of  the  great  Scar  limestone  and  the  top 
of  the  twelve-fathom  limestone;  and  as  far  as  regards  the  mountains  of  Gars- 
dale  and  Dent^  I  do  not  think  that  this  is  an  over-estimate.  It  is^  however^ 
right  to  state^  that  very  few  of  the  numbers  in  the  preceding  details  are  from 
actual  measurement.  I  wish  them  to  be  considered  only  as  the  average  results 
of  a  great  many  independent  approximate  observations. 

§  3.  Longitudinal  section  from  Penigent  to  the  plains  of  the  Eden  near 

Kirkby  Stephen,  tj^c.  tj^c* 

This  section  might  have  been  extended  many  miles  further  towards  the 
souths  through  a  region  which^  though  of  less  elevation  than  the  one  here 
described^  has  nearly  the  same  external  characters,  and  is  composed  of  similar 
groups  of  strata :  but  I  wish  to  confine  it  to  the  part  of  the  chain  I  have  per- 
sonally and  repeatedly  examined. 

Commencing  at  the  top  of  Penigent,  it  passes  just  above  the  village  of 
Horton,  and  thence  nearly  in  a  straight  line  to  the  top  of  Ingleborough.  The 
summit  of  Penigent  is,  I  believe,  composed  of  beds  subordinate  to  the  second 
millstone  grit  (Group  15.) ;  and  immediately  below,  the  highest  slope,  Nos.  14. 
13.  12,  are  finely  exposed,  and  the  coal  bed  of  No.  14.  has  been  worked  in 
horizontal  drifts*  Then  comes  a  great  limestone  precipice  representing 
Nos.  11. 10.  and  9. — No.  10.  having  nearly  disappeared,  and  the  twelvefathom 
^ndfour-fathom  limestones  (Nos.  11.  and  9.)  making  but  one  precipice.  The 
remaining  part  of  the  great  escarpment  is  composed  of  No.  8. 

From  the  swallow  holes  at  the  base  of  No.  8.  to  the  level  of  Horton  Beck, 
all  the  successive  beds  (No.  7.  to  No.  1.)  may  be  traced  without  a  single 
omission.  The  black  marble  beds  (No.  3.)  have  been  quarried  above  Hull 
Pot,  but  are  not  of  good  quality;  and  the  group  (No.  2.)  is  not  more  than 
twenty  or  thirty  feet  thick  f.  The  great  Scar  limestone  is  magnificently  ex- 
hibited ;  and  in  it  are  Hull  Pot  and  Hunt  Pot.     The  former  a  great  roofless 

*  Plate  YL  fig.  2. 

t  Both  in  Ingleborough  and  Penigent  the  groups  between  the  Scar  limestone  and  the  twelve^ 
fathom  limeitone,  wre  of  less  aggregate  thickness  than  in  many  other  parts  of  the  principal  section. 
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cavern^  with  perpendicular  walls^  from  which  may  be  heard  the  roaring  of 
subterranean  waters.  The  latter^  an  open  crevice  of  unknown  but  great 
depth,  as  is  proved  by  the  long-continued  rumbling  noise  of  the  stones  which 
descend  after  many  rebounds  from  its  projecting  ledges  towards  the  foun- 
dations of  the  mountain. 

Below  Dowgill  Scar  is  a  beautiful  junction  of  the  horizontal  limestone  and 
inclined  greywacke  without  the  intervention  of  any  conglomerate^.  In  the 
prolongation  of  the  section  through  Moulton  Fell^  the  Scar  limestone  presents 
no  features  deserving  peculiar  notice ;  but  a  little  to  the  east  of  the  line^ 
above  the  village  of  Selside^  is  an  open  chasm  called  Alum  Pot^  of  enormous 
but  unknown  depth.  It  is  surrounded  by  grassy  shelving  banks^  and  many 
animals  tempted  towards  its  brink  have  fallen  down  and  perished  in  itf . 

Further  up  the  hill  (at  Moor  Syke^  &c.)  are  the  black  marble  beds  (No.  3.), 
and  after  passing  in  succession  all  the  intervening  beds^  we  have^  at  the  top  of 
Simon  Pell^  the  slate  quarries  of  No.  8.  c.  The  upper  portion  of  this  group 
makes  a  magnificent  precipice  on  the  north  side  of  Ingleborough^  and  its 
slate  quarries  may  be  traced  all  round  the  mountain.  Over  this  group  comes 
a  precipice  of  limestone^  in  which  (as  at  Penigent)  the  twelve-fathom  and  the 
fburfathom  limestones  are  united,  the  intervening  shale  and  coal  (No.  10.) 
having  nearly  disappeared.  Over  these  comes  the  upper  shale  (No.  18.); 
and  then  the  first  millstone  grit  (No.  13.)^  forming  a  great  tabular  mass  on 
the  top  of  Ingleborough.  The  two  highest  groups  of  the  Penigent  section 
are  therefore  wanting. 

In  descending  from  the  great  precipice  of  slaty  grit  and  shale  to  the  river 
of  Chapel  le  Dale,  we  pass  in  regular  succession  over  every  group  from  No.  8. 
to  the  bottom  of  the  Scar  limestone.  The  upper  groups  are  much  concealed 
by  morass^  but  they  break  out^  here  and  there^  and  are  laid  bare  in  the  water- 
courses on  the  sides  of  the  mountain.  In  the  bottom  of  the  valley  (about 
half  a  mile  below  the  Chapel)  there  is  a  beautiful  junction  of  the  horizontal 
limestone  and  the  inclined  greywack^ ;  and  just  at  that  point  all  the  mountain 
streams^  which  in  the  higher  part  of  the  valley  had  been  engulfed  in  the 
cavernous  Scar  limestone,  burst  out  in  one  copious  spring,  and  form  the  river 
which  descends  to  Ingleton. 

Following  the  line  of  section,  we  have  at  the  base  of  Whernside  some  of 

*  The  greywacke  dips  about  south  by  west,  at  an  angle  of  45^. 

t  The  approach  of  cattle  is  now  prevented  by  a  strong,  lo%  wall;  but  there  can  be  little  doubt, 
that  during  the  last  two  or  three  thousand  years,  great  masses  of  bony  breccia  must  have  accumu- 
lated in  the  lower  parts  of  this  great  fissure,  which  probably  descends  through  the  Whole  thickness 
of  the  Scar  UmesUme. 
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the  most  cbaracteriiStic  features  of  the  Scat  UmeitoM.  It  is  traversed  by 
fissures^  Und  hollowed  out  into  caverns ;  in  one  of  which  ( Weathercoat  Cave) 
is  It  waterfall  of  nO  common  beauty^  and  doubly  striking  from  the  extraordinary 
nature  of  the  objects  which  are  about  it. 

Ascending  thence  to  the  top  of  the  mountain^  we  cross  the  groups  in 
regular  succession^  and  end  with  a  series  of  thin-bedded^  coarse  grits,  nearly 
on  the  same  parallel  with  the  beds  on  the  top  of  Penigent^  and  therefore  pro- 
bably subordinate  to  No.  15.  of  the  general  section  ^. 

The  first  millstane  grit  (No.  IS.)  makes  a  feature  on  all  sides  of  the 
mountain  top^  and  the  coal  bed  in  No.  14.  has  been  partially  opened  on  its 
north  face.  The  coal  bed  in  No.  10.  (6.)  has  been  worked  in  three  or  four 
different  places^  tod  the  group  to  which  it  is  subordinate  becomes  regularly 
expanded  (though  probably  of  rather  less  than  its  mean  thickness)  between  ' 
the  twelve-fathom  and  the  four-fathom  limeetonea.  Here,  therefore^  ceases  the 
anomaly  of  the  Ingleborough  and  Penigent  sections  already  noted ;  and  it  is, 
as  for  as  I  know>  the  only  great  anomaly  in  the  structure  of  the  districts  through 
which  the  lines  of  section  range.  There  is^  however^  a  peculiarity  (and  it  is 
repeated  on  the  east  side  of  Great  Colm)  which  deserves  notice*  The  four- 
fathom  limestone  all  round  this  mountain  is  thicker  than  the  twelvefathom 
limestone,  one  group  being  developed  much  beyond  its  average  thickness^  and 
apparently  at  the  expense  of  the  other  f. 

From  Whemside  the  line  deflects  nearly  due  west  (without  producing  any 
confusion  in  the  details^  as  all  the  groups  are  very  nearly  horizontal)^  and 
ranges  by  High  Pike  across  the  pass  from  Dent  to  Ingleton  J.  The^^r- 
fatkom  limestone,  and  the  slate  quarries  (No.  8.  c.),  form  the  top  of  the  ridge; 
and  on  the  north-east  side  of  it^  \i  a  succession  of  waterfalls  over  the  bare 
escarpments  of  all  the  groups^  from  the  fourth  limestone  (No.  7.)  down  to  the 
beds  above  the  black  marble  series.  Through  the  middle  portion  of  these 
falls^  runs  a  north  and  south  vein  (partly  filled  with  calc^spar)^  producing  a 
downcast  of  eight  or  ten  yards  on  its  west  side.     I  mention  this  for  the  pur* 

*  The  natural  section  is  not  good  near  the  top  of  Whemside,  the  highest  mountain  of  the  whole 
range ;  hut  the  top  heds  may  possihly  represent  a  portion  of  the  16th  group  of  the  general  section. 

-f  This  fact  has  sometimes  induced  me  to  suppose  that  the  great  calcareous  escarpment  near  the 
top  of  Ingleborough  and  Penigent  was  chiefly  composed  of  the  Jour-fatkom  limestone ;  and  that- 
some  bands  of  shale  and  thin  beds  of  limestone  near  its  top,  might  represent  the  two  superior* 
groups  (Nos.  10.  and  11.)  in  a  very  degenerate  form.     I  mention  this  only  as  a  mere  conjecture. 

X  In  the  southern  and  central  portions  of  the  principal  line  of  section,  the  beds,  though  nearly 
horizontal,  incline  on  the  whole  a  little  to  the  north-east.  The  part  of  the  section  deflecting  nearly 
due  west,  fron!  the  top  of  Whemside  over  High  Pike  to  Great  Colm,  is  omitted  in  the  accom- 
panying figure  (PI.  VI.  fig.  2.). 
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1066  of  remarking  the  almost  entire  i^isence  of  great  faults  or  veins  in  tbeneigh- 
Kmring  mountains,  and  their  consequent  sterility  in  all  metalliferous  minerals. 

From  High  Pike  to  the  top  of  Great  Colm^  all  the  groups  succeed  each 
yther  in  regular  order ;  but  on  that  side  of  the  mountain  the  twelve^fathom 
^imestone  is  still  in  a  deg^raded  form^  and  the  four  ^fathom  limestone  has  more 
han  its  average  thickness.  On  following  them  to  the  eastern  side  of  the 
mountain  we  may^  however,  remark,  that  one  gradually  increases  and  the  other 
liminishes  in  thickness  till  they  assume  their  average  proportions.  Over  the 
\weh>€'fathom  limestone  (No.  1 1 .)  the  three  superior  groups  are  well  exhibited ; 
nd  a  bad  two-foot  coal  has  been  partially  worked  in  the  group  No.  14,  which 
is  here  about  60  feet  in  thickness.  On  the  highest  summit  is  a  trace  of  the 
second  millstone  grit  (No.  15.),  which,  though  rather  thin-bedded,  has  here 
the  mineral  structure  indicated  by  its  name.  I  do  not,  however,  think  that 
these  beds  are  so  high  in  the  series  as  those  which  form  the  highest  peaks  of 
Penigent  and  Whemside.  Here  the  section  again  deflects  to  the  north,  and 
in  the  remaining  part  of  its  range  is  very  nearly  in  a  straight  line*. 

Descending  from  Great  Cokn  top  to  the  vaHey  of  Dent  we  commence,  as 
above  stated,  in  the  bwer  portion  of  the  second  millstone  grit  (No.  15.),  and 
cross  in  succession  every  group  till  we  meet  the  upper  strata  of  the  great  Scar 
Umestotie,  about  SOO  feet  above  the  level  of  the  river.  We  may  remark, 
during  this  traverse,  the  old  coal-works  in  No.  10.  (b.)  f, — the  slate  quarries  of 
Little  Colm  in  No.  8.  (c), — the  old  skite  quarries  and  the  Barbon  coal-works 
in  No.  6.  (6.  c.),;];---*«nd  the  various  quarries  which  have  been  opened  in  the 
black  marble  beds  (JSo.  3.). 

In  the  higher  partof  the  valley  of  Dent  the  river  runs  for  several  miles  among 
the  upper  beds  of  the  Scar  limestone,  and  we  meet  with  a  succession  of  objects 
highly  characteristic  of  the  formation.  The  mountain-streams  are  engulfed, 
and  tlie  strata  interrupted  by  numberless  grotesque  caverns  and  open  fissures, 
resembling,  on  a  miniature  scale,  the  striking  features  of  Chapel  le  Dale. 

From  Dent,  the  sectional  line  ranges  over  the  top  of  Risell  to  the  Garsdale 
river,  close  to  the  chapel.  On  the  ascending  line,  all  the  beds  are  laid  bare  up 
to  the  fVold  or  Mosdale  Moor  limestone,  in  a  great  ravine  called  ScotchergiU. 
On  the  eastern  brow  of  Risell  are  quarries  in  the  four-fathom  and  twelve- 
fathom  limestones;  and  from  the  upper  quarry  is  obtained  a  very  beautiful 
variety  of  fossil  marble  already  noticed.  On  the  western  brow  of  the  same 
hill,  the  coal-bed  (No.  10.  b.)  has  been  partially  worked;  and  the  summit  is 
composed  of  the  lower  beds  of  the  first  millstone  grit  (No.  J  3.). 

^  See  PI.  VI.  fig.  2.  continued.  f  See  above,  Note  to  p.  79. 

t  See  aboye,  Note  to  p.  76. 
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On  the  descending  line  there  is  a  fine  exhibition  of  the  slate  quarries  in^ 
No.  8.  c.  Close  to  the  chapel  the  river  runs  in  the  grit  bands  (No*  S.  e.) 
under  the  black  marble ;  but  in  ascending  to  Garsdale  Head  (where  the  road 
turns  off  to  Kirkby  Stephen)^  all  the  beds  up  to  the  fourth  Mosdale  Moor  Ume- 
stone  (No.  7.)  may  be  observed  to  cross  the  channel  in  succession. 

Both  sides  of  Risell  are  much  covered  with  alluvial  matter  and  vegetation ; 
but  independently  of  the  localities  above  indicated^  the  position  of  the  respec- 
tive groups  is  defined  by  the  rows  of  inverted  green  cones^  provincially  called 
siwaUoW'holea,  which  often  mark  the  presence  of  the  limestone  bands  when  no 
rock  is  visible  at  the  surface.  From  many  places^  on  the  line  of  section^  five 
rows  of  these  inverted  cones^  each  indicating  the  presence  of  one  of  the  cal- 
careous groups  above  the  Scar  limestone^  may  be  seen  on  the  sides  of  the 
neighbouring  mountains*. 

In  ascending  from  Garsdale  chapel  to  the  top  of  Baw  Fell  we  may  find^  by 
the  sides  of  various  torrents^  good  sections  of  all  the  groups^  from  the  b/ack 
marble  to  the  twelve-fathom  limestone.  A  thin  coal  band  breaks  out^  here  and 
there^  in  the  group  (No.  4.)  above  the  black  marble  beds.  On  the  west  flank 
of  this  mountain^  the  coal  bed  (No.  6.  b.)  under  the  Mosdale  Moor  limestone 
has  been  worked  extensively ;  and  on  the  same  flank  the  coal  bed  under  the 
twelve-fathom  limestone  has  been  attempted  f.  The  quarries  in  the^tir- 
fathom  limestone,  from  which  large  encrinital  blocks  are  extracted  for  the  use 
of  the  Kendal  marble  works^  also  deserve  notice. 

The  groups  of  strata  above  the  twelvefalhom  limestone  are  of  the  aggre- 
gate thickness  of  500  or  600  feet^  and  terminate  at  the  top  of  the  mountain 
in  fine^  horizontal^  tabular  masses  of  millstone  grit^  subordinate^  if  I  mistake 
not^  to  the  second  group  of  that  rock  (No.  15.).     All  the  upper  parts  of  the 

*  The  origin  of  these  cones  is  very  clear.  The  several  limestone  groups  abound  in  crevices  and 
fissures,  through  which  the  waters,  descending  from  the  higher  regions,  immediately  sink,  and 
trickle  down  among  the  lower  strata,  till  they  meet  some  impervious  bed  which  throws  them  out 
again  to  the  surface.  Now  on  the  sloping  sides  of  the  mountains  these  groups  generally  form  long 
horizontal  terraces,  more  or  less  buried  under  masses  of  alluvial,  incoherent  matter:  and  through  this 
covering  the  waters  freely  percolate,  till  they  meet  the  surface  of  the  limestone  beds ;  when  they  sink, 
as  above  described,  through  some  of  the  crevices,  and  carry  along  with  them  the  finely  comminuted 
portions  of  the  superincumbent  materials.  In  this  way  the  alluvial  beds  are  slowly  undermined, 
and  sink  down  into  inverted  cones — ^the  inferior  portions  of  which,  being  sheltered  from  the  elements, 
and  kept  dry  by  the  action  of  the  crevices  below,  become  covered  with  a  fine  green  sward  abound- 
ing in  such  plants  as  are  commonly  found  only  in  the  lower  regions  of  the  mountains. 

t  Not  far  below  the  works  in  No.  6.  6.  a  trial  was  made,  a  few  years  since,  in  some  highly  in- 
clined, carbonaceous  shales,  probably  subordinate  to  No.  4.  of  the  genera]  section.  The  coal  was 
abundant,  but  of  very  bad  quality,  and  difficult  to  work ;  being  close  to  the  disturbance  produced 
by  the  passage  of  the  great  Craven  fault.     See  the  preceding  Memoir,  p.  60. 
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section  are  extremely  obscured  by  morass ;  but  we  have^  I  thinks  evidence 
enough  to  show — -that  a  five-inch  coal  (breaking  out  about  100  feet  above  the 
twelve-fathom  limestone)  is  subordinate  to  the  great  upper  shale  (No.  12.), 
which  is  here  very  largely  developed, — and  that  a  second  bed  of  four-inch 
coa]^  about  200  feet  above  the  preceding,  is  subordinate  to  the  alternating 
beds  (No.  14.)  above  theirs*  millstone  grit.  The  evidence  for  this  arrange- 
ment may  be  considered  obscure ;  but  it  is  at  least  made  probable  by  the  struc- 
ture of  the  nearest  mountains  of  the  chain. 

Descending  from  Baw  Fell  top  to  the  head  of  Uldale  (after  crossing  a  region 
of  thick  morass)^  we  meet  with  magnificent  sections  of  a  great  series  of  beds 
commencing  with  the  twelvefathom  limestone.  Under  this  limestone  the 
coal  bed  (No.  10.  b.)  has  been  partially  worked.  We  then  cross  a  series  of 
cherty  beds,  analogous  to  those  on  the  same  parallel  in  the  Arkendale  and 
Swaledale  sections  :  and  further  down  the  torrent  is  a  great  precipice  (com- 
posed of  the  four  fathom  limestone,  resting  on  the  gritstone  bands  and  thick 
shales  of  No.  S.),  over  which  the  waters  shoot  in  a  single  plunge,  and  form 
one  of  the  grandest  falls  in  the  carboniferous  chain*.  Below  the  fall  is  one 
of  the  finest  gritstone  quarries  of  the  chain  (No  8.  a.) ;  and  a  few  hundred 
yards  further  down  the  valley  we  find  great  masses  of  highly  inclined  and 
dislocated  limestone,  connected  with  the  range  of  the  Craven  fault. 

The  phenomena,  last  described,  are  a  little  to  the  west  of  the  line  of  section, 
which  at  Uldale  Head  makes  its  nearest  approach  to  the  greywacke  region. 
Thence  it  ranges  over  Swath  Pell,  to  the  top  of  Wildboar  Fell,  through  a 
country  almost  buried  under  turf  bog  and  alluvial  soil.  The  top  of  Swath  Fell 
appears  to  belong  to  the  same  group  (No.  15.)  as  the  top  of  Baw  Fell,  but  it 
does  not  quite  reach  the  same  elevation. 

At  the  top  of  Wildboar  Fell  we  have  just  a  trace  of  the  group  (No.  16.) ;  but 

*  In  all  chains  of  mountains  composed,  like  those  I  am  describing,  of  horizontal  strata  in  very 
difierent  degrees  of  induration,  waterfalls  are  necessarily  abundant.  The  harder  groups  have  an 
obvious  tendency  to  form  terraces  over  which  the  waters  break  with  a  violence  proportioned  to  the 
nature  of  the  descent.  The  steep  sides  of  the  hills  are,  however,  often  composed  of  solid  beds  of 
sandstone  or  limestone,  resting  on  thick  masses  of  soil,  incoherent  shale :  and  when  such  combina- 
tions cross  the  direction  of  a  mountain  stream,  they  almost  always  produce  an  overshot  fall.  For, 
had  the  inferior  shales  ever  projected  so  far  as  to  produce  a  gradual  descent,  they  must  soon  have 
given  way  to  the  friction  of  the  water,  till  they  arrived  in  such  a  position  as  to  be  protected  from 
its  action.  And  even  when  removed  from  the  direct  effects  of  erosion,  they  often  continue  to  ex- 
foliate so  rapidly,  that  the  hard  superincumbent  beds  form  a  projecting  ledge,  over  which  the  waters 
leap  at  once  into  an  inferior  basin.  In  this  way  the  great  waterspout  of  Hardraw  Scar  commences 
in  the  black  marble  group,  and  plunges  into  a  basin  of  the  shales  subordinate  to  No.  2.  These 
appearances  are  so  very  common  and  obvious  as  perhaps  hardly  to  require  notice. 
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the  magnificent  tabular  escarpment  overlooking  M ollerstang  is  composed  ex- 
clusively of  the  second  millstone  grit  (No.  15.) ;  and  on  the  same  face  of  the 
mountain  v^e  have  a  succession  of  the  finest  sections^  exposing  all  the  groups 
down  to  the  twelve-fathom  limestone.  They  are,  perhaps,  of  as  great  a  thick- 
ness as  at  Baw  Fell ;  but  in  consequence  of  the  degenerate  form  of  the  Jirst  mill- 
stone grit  (which  is  here  an  ordinary,  open-grained,  whitish  sandstone),  they 
are  not  well  defined.  Subordinate  to  No.  14.  is  a  bed  of  coal  about  eighteen 
inches  thick,  which  has  been  partially  worked,  but  hitherto  without  profit. 

Descending  from  the  crown  of  the  hill,  along  the  edge  of  its  eastern  escarp- 
ment, to  the  level  of  the  white  grit  beds  representing  the  Jirst  millstone 
(No.  13.),  we  cross  (close  to  a  place  called  Dolphin  Sty)  the  line  of  a  great 
vein  or  fault,  which  throws  all  the  beds  on  its  north  side  about  150  feet  below 
their  level.  In  consequence,  the  coal-bed  (No.  14.)  and  the  accompanying 
grits  and  shales  are  once  again  repeated.  This  vein  strikes  the  opposite  hills 
(producing  the  same  northern  downcast),  and  is  prolonged  into  the  mining 
district  of  Swaledale.    * 

After  reaching  the  level  of  the  twelvefathom  limestone,  we  cross  the  bearings 
of  one  or  two  other  veins,  which  have  partially  deranged  the  position  of  the 
groups.  I  have  attempted  to  convey  only  a  general  notion  of  them  in  the 
accompanying  section,  for  the  country  is  so  much  covered  with  alluvion  that 
their  exact  effects  cannot  be  easily  ascertained. 

Continuing  to  descend,  we  come  upon  the  edges  of  the  dislocated  masses 
thrown  up  by  the  great  Craven  fault.  The  horizontal  beds  of  the  great  Scar 
limestone  lie  far  below  the  bottom  of  the  neighbouring  valley  * :  but  the 
broken  ends  of  the  whole  mass  have  been  torn  up  from  the  foundations  of  the 
mountain,  and  jammed  against  the  edges  of  the  upper  horizontal  groups. 
The  vast  force  of  elevation  is  indicated  by  the  enormous  extent  and  contor- 
tions of  the  dislocated  masses ;  and  the  line  of  greatest  stress  is  indicated  by 
an  anticlinal  axis,  on  the  north  side  of  which  the  Scar  limestone,  after  many 
breaks  and  undulations,  gradually  falls  down  to  the  level  of  the  Eden,  and  is 
buried  under  the  conglomerates  of  the  new  red  sandstone,  where  the  longi- 
tudinal section  endsf. 

*  The  Mosdale  Moor  limestone  (No.  7.)  is,  I  believe,  the  lowest  calcareous  group  to  be  seen  in 
the  deep  valley  at  the  eastern  base  of  Wildboar  Fell. 

f  It  deserves  remark,  that  in  some  places  near  Kirkby  Stephen  the  direction  of  the  anticlinal 
axis  is  traced  by  a  small  vein,  which,  here  and  there,  has  been  worked  for  lead.     This  seems  to 
prove  that,  at  least,  some  of  the  lead  veins  of  the  carboniferous  cliain  originated  in  fissures  pro- 
duced by  the  great  elevatory  movements  before  the  period  of  the  new  red  sandstone.     I  believe, 
partly  on  the  evidence  afibrded  by  the  details  of  this  paper,  that  many  of  the  lead  veins  of  Arken- 
dale  and  Swaledale  had  their  origin  during  the  same  period. 


from  Penigent  to  Kirkhy  Stephen.  91 

Such  are  the  striking  phenomena  along  the  line  of  section.  In  order  to 
make  the  structure  of  the  region  still  more  clear^  and  to  connect  it  with  the 
mountain  tract  at  the  head  of  Swaledale^  I  proceed  to  describe^  very  briefly, 
two  other  sections — one  commencing  at  the  top  of  Penigent — and  the  other 
at  the  top  of  Whemside,  and  both  diverging  considerably  from  the  bearing 
of  the  principal  line. 

Section  from  Penigent  to  the  top  of  Stags  Felly  near  Hawes  ;  mean  hearing 

about  N.N.E* 

The  strata  of  Penigent  have  been  already  described.  If  the  line  of  section 
be  made  to  range  along  the  south  side  of  the  valley^  above  the  village  of 
Horton^  we  shall  arrive  at  the  great  vertical  chasm  called  Ling  Gill^  which 
gives  a  series  of  fine,  bare  sections,  through  almost  every  part  of  the  Scar 
limestone. 

Continuing  the  section  nearly  in  a  straight  line,  over  the  summit  of  Cam 
Fell,  we  first  cross  the  outgoings  of  all  the  groups  up  to  the  twelvefathom 
limestone,  forming  the  great  plateau  above  Cam  Houses,  and  find  that  the  three 
groups  (Nos.  9.  10.  II.)  which  were  confounded  together  in  Penigent,  are 
here  exhibited  with  their  true  relations.  We  then  cross  the  great  upper  shale 
and  the  first  millstone  grit  (No.  12.  IS.),  and  rise  to  the  summit  of  Cam 
Dod,  which  is  buried  under  peat  moss ;  and  from  that  point  may  see  the  pro- 
longation of  the  twelvefathom  limestone  down  Wensleydale,  forming  on  both 
sides  of  the  valley  the  crown  of  a  long  range  of  flat-topped  elevations  f. 

Descending  to  Hawes^  which  stands  upon  the  upper  part  of  the  Scar 
UmestonCy  we  cross  all  the  successive  groups  in  regular  order.  The  coal 
(No.  10.  h.)  has  been  worked  both  on  the  east  and  west  sides  of  Cam,  and 
the  lower  coal  seam  (No.  6.  6.)  is  still  worked  near  the  village  of  Gale. 

In  the  range  of  the  sectional  line,  on  the  other  side  of  the  valley,  over 
Stags  Fell,  we  again  cross  the  same  successive  groups,  in  the  ascending 
order,  till  we  reach  the  great  overhanging  plateau  of  the  twelvefathom  lime- 
stone; and  we  may  remark,  by  the  way,  that  it  is  traversed  by  a  cross  vein, 
with  a  downcast  of  several  fathoms  towards  the  south-east.  Rising  from  this 
plateau  to  the  top  of  the  mountain  ridge,  between  Wensleydale  and  Swale- 
dale,  we  first  cross  the  upper  shale  (No.  12.)  and  the  first  millstone  grit 
(which  is  not  far  from  the  highest  level  of  the  road  from  Hawes  to  Muker)  : 

•  Plate  VI.  fig.  3. 

t  The  summit  of  Cam  Dod  is  probably  composed  of  beds  subordinate  to  the  group  (No.  14.) 
over  the  first  millstane  grit. 

n2 
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above  them  are  the  grits^  shales^  and  coal  bands  of  No.  li* ;  and  the  series^ 
though  almost  lost  among  the  accumulations  of  peat  earthy  terminates^  I  be- 
lieve, in  the  beds  of  the  second  millstone  grit  (No.  15.). 

Notwithstanding  the  constancy  in  the  position  of  the  several  groups,  there 
are  changes  of  mineral  structure  which,  had  we  not  so  many  terms  of  com- 
parison, might  lead  to  some  confusion.  Near  the  eastern  end  of  this  sec- 
tion, the  black  marble  beds  (No.  3.)  lose  that  mineral  character  which  gives 
them  their  chief  value,  and  resemble  the  beds  of  the  higher  group  (No.  5.); 
and  with  these  beds  they  might  easily  be  confounded,  as,  in  some  places  near 
Hawes,  the  shales  of  No.  4.  are  wanting,  and  the  sandstone  beds  of  the  group 
are  not  more  than  twenty  or  thirty  feet  in  thickness f.  Near  the  same  place 
the  shales  of  No.  8.  become  insignificant,  but  the  micaceous,  slaty  beds  are 
well  developed. 

Section  from  the  top  of  WJiemside  to  the  top  of  Shunner  Fell ;  mean  bearing 

about  N.N.E.  J 

The  line  here  ranges  from  Whernside  into  the  higher  part  of  the  valley  of 
Dent,  about  five  miles  above  the  village  (where  the  river  runs  upon  the  top 
beds  of  the  Scar  limestone) ;  thence  over  the  Cross  to  Mosdale,  and  over 
Cotter  Fell  to  the  top  of  Shunner  Pell,  without  making  any  very  great  devia- 
tions in  its  course  §. 

The  strata  of  Whernside  have  been  already  noticed,  and  the  same  groups 
succeed  each  other  in  regular  order  on  the  side  of  the  next  mountain,  where 
however  we  may  remark,  that  the  fourfathom  limestone  is  of  less,  and  the 
twelvefathom  limestone  of  greater,  than  their  average  thickness ;  just  the  con- 
trary of  what  was  observed  among  the  groups  of  Whernside ;  and  another 
instance  of  what  was  remarked  before, — viz.,  that  each  of  these  two  limestone 

*  This  coal  bed  is  not  worked,  as  it  is  only  about  eighteen  inches  thick,  and  is  inferior  in  qua- 
lity to  the  thirty-inch  coal  of  Turna  Fell,  in  the  same  range  of  hills,  and  only  at  a  short  distance 
towards  the  north. 

t  Further  down  Wensleydale  these  three  groups  of  the  general  section  (viz.  Nos.  3.  4.  and  5.) 
probably  lose  all  distinctive  character,  and  appear  as  one  group :  for  I  have  remarked,  that  in  the 
hills  below  Askrigg  there  are  only^v^,  instead  of  5tx,  distinct  limestone  groups,  from  the  Scar  lime- 
stone  (which  is  partially  expanded  in  the  lowest  parts  of  the  valley)  to  the  twelve-fathom  limestone 
inclusive.  Between  Askrigg  and  Bolton  Castle  the  whole  system  is  intersected  by  metalliferous 
veins,  producing  (like  ordinary /au/^f)  contortions,  upcasts  or  donmcasts,  and  other  disturbances  of 
the  component  strata. 

+  Plate  VI.  fig.  4. 

§  The  Cross  (a  mountain  of  which  the  summit  is  sometimes  called  Naughtberry  Hill)  must  not 
be  confounded  with  Cross  Fell,  the  highest  mountain  of  the  carboniferous  chain  north  of  the  Eden. 
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groups  is  of  variable  thickness^  and  that  each  of  them  appears  to  be  sometimes 
developed  at  the  expense  of  the  other*. 

Above  the  twelve-fathom  limestone^  the  upper  shale  and  the  first  millstone 
(Nos.  12.  and  13.)  are  in  their  characteristic  form,  and  over  them  are  the  car- 
bonaceous shales,  coal  bands,  and  grits  of  No.  14.  and  perhaps  a  trace  of 
No.  15 ;  but  the  summit  of  the  hill  is  buried  in  morass. 

Following  the  sectional  line,  we  find  in  Mosdale  all  the  beds  denuded, 
down  to  the  Mosdale  Moor  limestone  (No.  7.) ;  and  on  the  east  side  of  the 
valley  we  have  an  extensive  tract  of  green  pastures,  crowned  with  a  plateau 
of  the  twelvefathom  limestone^  under  which  are  many  traces  of  old  coal  works 
in  the  group  (No.  10.  h.). 

From  this  plateau  to  the  top  of  Shunner  Fell  there  are  strata  more  than 
100  fathoms  in  thickness;  but  all  of  them  are  buried  under  the  peat  mosses, 
till  we  reach  the  grey  crags  of  millstone  grit,  on  the  last  ascent  towards  the 
crest  of  the  mountain.  We  there  cross  the  outgoings  of  the  second  millstone 
grit  (No.  15.);  of  the  shale  and  gritstone  (No.  16.);  and  we  reach  the 
highest  plateau  after  passing  the  rugged  escarpment  of  the  upper  millstone 
grit,  the  last  group  of  the  general  section  f. 

*  There  is  a  very  fine  natural  section  of  all  the  groups,  from  the  upper  heds  of  the  Scar  lime- 
stone  to  the  four-fathom  limestone  inclusive,  in  the  sides  of  a  torrent  called  Artingill,  near  the  old 
pass  over  the  Cross  between  Dent  and  Hawes.  Immediately  above  the  highest  point  of  this  pass, 
are  extensive  coal  works  (in  No.  10.  6.)  reached  by  shafls  sunk  through  the  twelve-fathom  lime- 
stone. 

t  As  the  strata  from  the  plateau  of  the  twelve-fathom  limestone  to  Shunner  Fell  top  are  not,  on 
the  whole,  well  exposed  along  the  sectional  line,  I  subjoin  a  more  detailed,  ascending  section  through 
the  same  series,  as  exhibited  near  the  Tuma  Fell  coal  works,  a  little  further  to  the  south. 

Feet.  Inches. 


Feet  iDcbef. 

7.  Hard,  brown  grit 

8.  Shale     

>110     0 

9.  Hard,  brown  grit      

10.  Shale,with  bands  of  soft,  tough  grit. 

1 1 .  Bands  of  open,  coarse  grit,  passing 
into  the  upper  group 20  or  SO     0 

12.  Millstone  grit,  &c 120     0 

1 S.  Coarse,  thin-bedded  grit  and  shale  .100     0 
14.  Upper  millstone  grit,  &c 120     0 


1.  Twelve-fathom  limestone. 

2.  Shale,  with  bands  of  grit 20     0 

3.  Quarry  grit,  with  bands  of  shale  40  or  5  0     0 

4.  Sill  stone  (hard  brownish  grit)  with 

bands  of  dark  shale 20  or  SO     0 

5.  Coal   2     6 

6.  Shale  with  bands  of  brown  gritstone, 

and  a  three-inch  coal  near  the 

top 70  or  80     0 

The  thickness  of  the  beds  from  the  coal,  No.  5.  to  No.  10.  inclusive,  is  very  nearly  thirty-three 
fiithoms,  as  determined  from  the  sinkings  of  an  air-shafl.  The  other  numbers  are  only  approxi- 
mate. Nos.  2.  and  S.  represent,  in  a  degraded  form,  the  upper  shale  and  the  frst  millstone  grit. 
All  the  beds  from  No.  4.  to  No.  10.  inclusive  may  be  considered  as  one  group,  representing 
No.  14.  of  the  general  section:  and  the  remaining  groups  represent  the  three  highest  divisions  of 
the  general  section  m  their  most  characteristic  form. 


94  Prof.  Sedgwick  on  the  Carbonif^ous  Chain 

I  could  have  wished  to  extend  the  two  diverging  sections^  just  described^  as 
far  as  the  metalliferous  hills  between  Arkendale  and  Swaledale ;  but  I  am  not 
sufficiently  acquainted  with  that  region  to  represent  the  prolongation  correctly. 
I  may^  however^  state  in  general  terms^  that  the  four-fathom  limestone  and 
the  twelvefathom  limestone  range  through  the  hills  on  both  sides  of  Arken- 
dale^ and  are  among  the  best  lead-bearing  beds  of  the  country.  They  are 
known  by  the  miners  under  the  names  underset  lime  and  main  lime,  and  are 
immediately  surmounted  by  a  group  about  100  feet  in  thickness  (composed 
of  shale^  chert^  and  gritstone^  with  some  peculiar  masses  called  red  beds  and 
iron  beds)^  which^  on  the  whole^  may  be  considered  to  represent  the  upper 
shale  of  the  general  section  (No.  12.).  Over  this  group  is  a  strong  deposit  of 
coarse  grit^  upwards  of  sixty  feet  in  thickness^  which  probably  represents  the 
first  millstone  grit  (No.  13.). 

The  coarse  gritstone  last  mentioned  is  surmounted  by  a  very  complex  succes- 
sion of  deposits  about  160  feet  in  thickness.  In  the  lower  part  of  this  series  we 
have  alternations  of  gritstone  and  shale^  with  a  subordinate  twelve-inch  coal — 
over  these  are  alternations  of  chert  and  shale^  with  a  bed  of  crow-limestone  of 
the  extraordinary  thickness  of  twelve  feet — and  the  system  terminates  in  a  mass 
of  shale  about  eighty  feet  thick^  containing  three  subordinate  bands  of  impure 
limestone.  It  has  been  stated  above^  that  bands  of  crow-limestone  are  founds 
here  and  there^  subordinate  to  all  the  great  shales  of  the  carboniferous  chain. 
But  their  number^  and  the  thickness  of  one  of  them^  in  so  high  a  division  of 
the  Arkendale  section^  must  be  considered  anomalous.  I  have^  however^  little 
hesitation  in  identifying  this  complex  group  (especially  as  it  is  immediately 
surmounted  by  a  deposit  oi  millstone  grit  nearly  100  feet  thick)  with  the  14th 
division  of  the  general  section. 

The  preceding  details  of  this  paper  explain  the  structure  of  a  part  of  the 
carboniferous  chain.  Those  which  follow  show  the  effects  produced  by  the 
prolongation  of  the  great  Craven  fault,  and  the  movements  which  took  place 
among  some  of  the  mineral  masses  when  the  chain  was  elevated. 

§  4.  Transverse    Sections,  from  five  points  of  the  Longitudinal   Section, 
through  the  dislocated  strata  on  the  line  of  the  Craven  Fault*, 

The  first  transverse  section  (fig.  5.)  commences  from  the  top  of  Penigent, 
and  ranges  (about  south-west  by  west)  through  the  village  of  Horton,  over 
Moughton  Fell ;  and  thence  over  a  second  plateau  of  the  Scar  limestone^  to 
the  calcareous  hills  immediately  north-east  of  Clapham. 

*  Plate  VI.  Transverse  Sections  (fig.  5.  6.  7.  8.  9.). 
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The  successive  groups  of  strata  on  the  side  of  Penigent  have  been  noticed 
above  ^  ;  and  the  various  phenomena  exhibited  at  the  junction  of  the  carboni* 
ferous  system  with  the  greywacke  have  been  very  clearly  explained  by  Mr. 
Phillips  in  a  preceding  memoir  of  our  Transactions f.  My  object  is  to  con- 
nect the  longitudinal  section  above  described^  with  section  (D.)  of  that  me- 
moir J. 

From  Clapham  to  the  hiUs  north  of  Inglelon^  the  range  of  the  Craven 
fatdi  is  marked  by  an  anticlinal  line  or  breaks  apparently  formed  by  the  pro- 
trusion of  the  slate  rocks  during  the  elevation  of  the  limestone  chain.  This 
line  passes  through  Clapham  Beck  about  a  mile  above  the  village^  as  is  indi- 
cated in  the  section. 

The  second  transverse  section  (fig.  6.)  commences  at  the  top  of  Great 
Colm^  passes  in  a  direction  nearly  due  south  over  Gragreth ;  thence^  deflecting 
a  little  towards  the  east^  crosses  the  foot  of  Kingsdale  and  becomes  united 
with  section  (A.)  in  Mr.  Phillips's  paper$. 

The  strata  of  Great  Colm  have  been  described  above  || ;  but  in  consequence 
of  their  gradual  rise  towards  the  south-west^  some  of  the  lower  groups  are 
brought  out  in  the  Gragreth  range^  the  top  of  which  is  composed  of  the  fissile 
gritstone  (No.  8.  c.  of  the  general  section)  H.  In  descending  from  the  top  of 
Gragreth  to  the  waterfall  called  Thornton  Force^  at  the  foot  of  Kingsdale^ 
we  cross  all  the  groups  from  No.  8.  down  to  the  great  Scar  limestone.  On 
crossing  the  line  of  the  great  faulty  the  dislocation  is  precisely  of  the  same 
kind  as  in  Clapham  Beck ;  but  is  incomparably  more  striking.  The  whole 
Scar  limestone  has  been  tumbled  into  the  valley^  and  seems  to  pass  under  the 
Burton  coal-field. 

Some  of  the  dislocated  masses  may  be  considered^  in  their  prolongation^  to 
reappear  in  the  inclined  beds  of  Kirkby  Lonsdale  and  Farlton  Knot.  The 
principal  line  of  fault  passes  however  (as  stated  in  a  former  paper)**  by  Ease 
Gill  and  Barbondale^  and  thence  in  a  direction  about  north  by  east  to  the 
foot  of  Stainmoor.  And  in  all  this  portion  of  its  range^  the  nature  of  the 
dislocations  of  the  carboniferous  strata  are  modified  by  the  immediate  contact 
of  a  lofty  greywacke  chain^  as  will  be  seen  in  the  three  next  transverse  sec- 
tions. 

The  third  transverse  section  (fig.  7.)  commences  at  the  top  of  Crag  or  Cas- 
terton  High  Fell  (the  north-western  extremity  of  the  ridge  of  Great  Colm), 

*  SuprOf  p.  84.  t  Geological  Transactions,  Second  Series,  vol.  iii.  p.  5 — 15. 

+  Ibid.  Plate  I.  (D.)  p.  12.  §  Ibid.  Plate  I.  (A.)  p.  9.  ||  Supra,  p.  87. 

%  Some  of  the  grits  (subordinate  to  No.  8.  of  the  general  section)  along  this  line  are  of  coarse 
texture,  and  have  been  used  for  millstones.  **  Supra^  p.  60. 
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and  ranging  in  a  direction  about  west  by  north,  cuts  through  the  Junction  of 
the  carboniferous  and  grey  wacke  chains. 

The  highest  strata  of  Casterton  High  Pell  are  of  millstone  grit;  and 
desending  in  the  direction  above  indicated,  we  cross  every  bed  in  regular 
succession  down  to  the  strong  post  limestone  (No.  5.  general  section).  But 
at  a  place  called  Short  Gill,  on  traversing  the  line  of  the  great  fault,  we  find 
that  all  the  lower  groups,  including  the  Scar  limestone,  have  been  torn  up 
from  the  foundations  of  the  mountain,  bent  into  a  saddle,  and  afterwards 
jammed  between  the  edges  of  the  horizontal  beds  and  the  steep  face  of  the 
neighbouring  greywacke  ridge. 

In  order  to  explain  this  appearance,  we  must  remember — that  the  grey- 
wacke chains  existed  in  some  form  or  other  before  the  deposit  of  the  carbo- 
niferous system — and  that  the  beds  of  this  system,  before  their  elevation,  must 
have  abutted  against  a  series  of  inclined  planes  presented  by  the  submarine 
portions  of  the  old  greywacke  chain.  During  a  subsequent  elevation,  both 
the  greywacke  and  carboniferous  systems  appear  to  have  been  violently  acted 
on  at  the  same  moment,  and  a  great  strain,  accompanied  by  a  relative  vertical 
movement,  to  have  taken  place  all  along  the  plane  of  their  junction.  But  a 
relative  vertical  movement  of  the  inclined  flanks  of  the  older  mountains  might 
not  only  break  off  the  ends  of  the  carboniferous  strata  abutting  against  them  ; 
but  would  also  necessarily  produce  a  great  horizontal  thrust,  which  may,  I 
think,  account  for  such  a  curvature  of  the  dislocated  masses  as  is  indicated  in 
this  section. 

This  example  has  been  selected  on  account  of  its  complexity.  There  are 
many  places  along  the  line  of  dislocation,  where  the  lower  groups  have  been 
torn  off,  by  the  pressure  of  the  greywacke  hills,  from  the  horizontal  system, 
and  tilted  up  at  a  great  angle,  without  undergoing  any  flexures  or  contortions 
like  those  at  Short  Gill. 

The  fourth  transverse  section  (fig.  8.)  presents  still  more  complex  disloca- 
tions. It  ranges  nearly  east  and  west,  from  the  top  of  Baw  Pell  to  Hebble- 
thwaite  Hall  Gill,  and  thence  across  the  upper  part  of  the  valley  of  Sedbergh 
to  the  Howgill  Pells. 

The  west  end  of  Baw  Pell  top  is,  if  I  mistake  not,  composed  of  the  second 
millstone  grit  (No.  15.  general  section) ;  the  inferior  groups  along  the  line  of 
section  are  much  concealed  under  morass ;  but  several  of  them  may  be  dis- 
covered by  ascending  the  different  water-courses.  The  four-fathom  limestone 
and  the  Mosdale  Moor  limestone  are  both  well  exposed,  and  the  horizontal 
system  terminates  with  flaggy  gritstone  and  carbonaceous  shale,  containing  a 
subordinate  bed  of  coal  which  has  been  extensively  worked.  (General  Section 
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No.  6.  h.)  After  crossing  on  the  descending  line  (immediately  below  the  coal 
shale)  about  fifty  feet  of  micaceous  slaty  gritstone  (No.  6.  a.),  we  suddenly 
come  to  the  great  fauU,  beyond  which  the  beds  dip  at  a  high  angle  about 
west-north-west.  They  now  seem  to  succeed  each  other  in  a  regular  ascend- 
ing order ;  but  on  the  contrary  we  find  a  succession  of  groups  representing, 
if  I  mistake  not^  Nos.  4.  3.  and  2.  of  the  general  section  ;  and  at  length  reach 
the  great  Scar  limestone  (No.  1.),  the  beds  of  which  have  a  fan-shaped  ar- 
rangement :  the  first  portion  dipping  at  a  great  angle  in  the  direction  above 
indicated^ — the  middle  portion  being  elevated  into  broken  vertical  masses^ — 
while  the  lowest  strata  gradually  acquire  an  opposite  dip  (about  east-north- 
east), and  rest  on  the  conglomerates  of  the  old  red  sandstone. 

Descending  by  Hebblethwaite  Hall  Gill^  we  have  masses  of  old  red  conglo- 
merate resting  unconformably  upon  irregular,  protruding  beds  of  greywacke  ; 
and  in  the  lower  part  of  the  valley  these  conglomerates  become  of  very  great 
thickness.  From  beneath  them  on  the  opposite  side  of  the  valley  of  Sedbergh 
rise  the  steep  escarpments  of  the  greywacke  ridges  in  which  various  tributary 
branches  of  the  Lune  have  their  source^. 

By  comparing  this  description  with  the  accompanying  section,  it  appears, — 
Ist,  That  by  the  prolongation  of  the  Craven  fault  under  Baw  Pell,  all  the 
groups  below  No.  6.  were  cut  off  from  the  horizontal  system. — 2ndly,  That 
forces  of  elevation,  acting  irregularly  upon  the  dislocated  masses,  pushed  a 
portion  of  the  great  Scar  limestone  above  them  all  into  a  vertical  position. — 
Srdly,  That  by  this  movement  a  portion  of  the  Scar  limestone,  and  three  or 
four  superior  groups  were  actually  inverted. 

It  is  obvious,  from  this  section,  that  great  masses  of  old  red  conglomerate 
were  formed  on  the  flanks  of  the  nearest  greywacke  hills  before  the  existence 
of  the  carboniferous  series  ;  and  the  beds  of  this  series  may  perhaps  never 
have  abutted  against  the  neighbouring  greywacke  chain.  The  first  effect  of 
elevation  seems  to  have  been  exactly  the  same  with  that  which  is  indicated  in 
the  preceding  section  at  Short  Gillf .  The  lower  groups  were  torn  off  from 
the  base  of  the  mountain  ;  but  not  being  exposed  to  the  same  horizontal  thrust 
from  the  greywacke  chain,  they  had  more  room  to  expand  themselves,  and 
fell  into  the  remarkable  position  just  described. 

5.  7%e  last  transverse  section  (fig.  9.)  is  drawn  from  the  top  of  Wild  Boar  Pell 
(in  a  direction  about  west-north-west)  through  some  dislocated  masses,  forming 

*  The  beds  in  many  parts  of  the  greywacke  chains,  near  the  lines  of  section,  are  violently  con- 
torted. The  lines  drawn  through  the  greywacke  in  the  accompanying  sections  are  ideal,  and 
merely  intended  to  contrast  the  inclined  position  of  its  strata  with  that  of  the  horizontal  carboni- 
feroos  system.  f  Plate  VI.  (Transverse  Section,  fig.  7.). 
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bare  hills  called  the  Clouds*^  and  thence  to  the  g^reywacke  chain  of  Raven^ 
stonedaie.  The  phenomena  are  here  less  complex  than  in  the  preceding 
section^  though  the  dislocated  beds  have  undergone  a  greater  movement  of 
elevation . 

The  top  of  Wild  Boar  Fell  is  chiefly  composed  of  the  second  millstone  grit 
(General  Section  No.  15.),  and  along  the  descending  line  we  cross  all  the 
groups  to  the  four-fathom  limestone  (No.  9.).  The  line  of  the  great  fault 
crosses  the  section  in  a  deep  morass  very  near  the  outcrop  of  the  last-men- 
tioned group  (No.  9.) ;  and  at  a  very  short  distance  the  highly  inclined  beds 
of  the  Scar  limestone  rise  into  the  bare  hills,  called  the  Clouds^  and  are  con- 
tinued (sometimes  in  a  vertical  position  and  sometimes  contorted)  to  the  rivulet 
where  they  are  cut  off  by  the  greywacke  chain. 

It  is  possible  that  some  of  the  groups  above  the  Scar  limestone  may  be  con- 
cealed among  the  dislocated  masses  under  the  morass  :  but  it  is  at  least  evident^ 
that  a  portion  of  the  Scar  limestone  has  been  broken  off  from  the  bottom  of  the 
carboniferous  system^  and  lifted  up  to  its  present  position  over  the  edges  of 
all  the  groups  of  the  general  section  from  No.  2.  to  No.  8.  inclusive. 

The  first  and  second  of  these  five  transverse  sections  (Fig.  5.  &  6.)  connect 
the  facts  described  in  this  paper  with  those  already  published  by  Mr.  Phillips  f; 
and  the  last  three  sections  (Fig.  7.  8.  &  9.)  show  the  very  complex  nature  of 
the  movements  along  the  line  of  fault,  where  it  ranges  close  to  the  junction 
of  the  carboniferous  and  greywacke  chains. — By  combining  these  details  with 
those  given  at  the  end  of  the  preceding  paper,  ''  On  the  general  Structure  of 
the  Cumbrian  Mountains,  &c.&c/"l  we  shall  have  a  sufficiently  minute  account 
of  the  whole  northern  range  of  the  great  Craven  fault,  and  of  the  structure 
of  the  neighbouring  carboniferous  chain. 

§  5.    Conclusion. 

1.  I  will  not  repeat  what  I  have  so  recently  stated  on  the  changes  of 
the  carboniferous  system  in  its  range  from  Derbyshire,  to  the  valley  of  the 
Tweed§:  but  I  may  observe,  that  the  region  above  described  seems  by  its 
structure  to  form  a  natural  link  between  the  northern  and  southern  portions 
of  the  chain. 

*  The  hills  are  probably  so  called  from  the  light  grey  colour  of  the  dislocated  rocks  of  Scar 
limestone, 

f  Geol.  Trans.,  Second  Series,  vol.  iii.  pp.  12.  and  9.  J  Supra,  p.  60. 

§  See  Anniversary  Address,  Feb.  18,  1831.  Proceedings  of  the  Geological  Society,  No.  20. 
p.  286— 288.  J 
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The  whole  series  of  strata  composing  the  mountains  along  the  line  of  sec* 
lion  may  be  divided  into  three  great  natural  groups :  Ist^  The  Scar  limestone. 
9nd^  All  the  alternating  subordinate  groups  (from  No.  2.  to  No  18.  inclusive), 
ending  with  the  great  upper  shale  over  the  twelve-fathom  limestone.  3rd^  AH 
the  various  deposits  (from  No.  13.  to  No.  17.  inclusive)  associated  with  mUl- 
stone  grU^. 

The  bwest  of  these  groups  is  almost  identical  with  the  formation  of  moun- 
tain  limestone  at  the  base  of  the  carboniferous  series  of  Derbyshire  and  the 
Bristol  Channel.  The  middle  group  has^  on  the  contrary,  little  in  common 
with  the  carboniferous  series  of  Derbyshire,  and,  perhaps,  still  less  with  that 
of  the  Bristol  Channel:  but  it  conforms  very  nearly  to  a  portion  of  the  car- 
boniferous system  in  the  chain  of  Cross  Fell.  The  third  group  appears  in 
some  form  or  other  through  the  whole  extent  of  the  carboniferous  chain  ;  and, 
though  by  no  means  constant  in  its  characters,  undergoes  perhaps  less  modi- 
fication in  its  long  range  than  either  of  the  other  two« 

A  fourth  great  group  might  include  all  the  richest  deposits  of  our  northern, 
midland,  and  south-western  coal-fields ;  and  the  analogies  they  present  both 
in  structure  and  position  are  obvious ;  but  they  belong  not  to  the  subjects 
considered  in  this  paper. 

In  the  North  of  England  the  deposit  of  mountain  limestone  was  exposed  to 
many  interruptions,  arising  from  drift,  mud  and  sand,  mixed  with  the  wreck 
of  numerous  trees  and  plants.  Upon  such  masses  as  these,  encrinites  and 
corals  would  obviously  refuse  to  grow,  till  the  incoherent  sediment  became 
compacted  by  calcareous  matter,  upon  which  they  would  again  find  an  appro- 
priate resting-place.  The  calcareous  beds  would  then  go  on  increasing  till 
they  were  again  interrupted  by  a  new  incursion  of  mud  and  sand.  Effects 
like  these  were  many  times  repeated. 

In  the  valley  of  the  Tweed  these  disturbing  forces  were  in  full  action  from 
the  first  commencement  of  the  deposit  of  mountain  limestone  ;--^in  Yorkshire 
(as  appears  from  the  previous  details)  they  produced  very  considerable  effects 
long  before  the  complete  development  of  the  foripation ; — in  Derbyshire,  and 
in  the  south-western  coal-fields,  on  the  contrary,  they  produced  but  a  small 
modification  of  the  carboniferous  system  before  the  deposit  of  mountain  lime- 
stone was  completed. 

I  hope  in  a  subsequent  paper  to  describe  several  similar  modifications  of 
structure  in  the  northern  calcareous  zone  of  the  Cumbrian  mountains. 

2.  Many  of  the  coal-beds  above  described  must  have  been  deposited  under 

^  The  three  longitudmal  sections,  fig.  2.  3.  and  4,  are  coloured  on  this  principle,  the  detailed 
subdivisions  appearing  only  in  fig.  1. 
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the  waters  of  a  sea  of  considerable  depth ;  and  I  never  saw  any  shells  of 
decided  freshwater  genera  in  the  carbonaceous  shales  alternating^  with  the 
mountain  limestone*;  but  these  shales  sometimes  contain  thin  beds  of  ma- 
rine shells^  chiefly  productte,  I  am  of  course  aware  that  freshwater  shells 
occur  abundantly  in  some  of  our  rich  coal-fields;  and  in  such  cases  the  de- 
posits may  have  taken  place  in  lakes^  or  more  probably  in  shallow  bays  and 
estuaries.  It  is^  perhaps^  in  very  few  instances  necessary  to  consider  them 
of  purely  lacustrine  origin  ;  especially  when  we  remember^  that  in  a  part  of 
the  great  Yorkshire  coal-field  (far  above  any  of  the  groups  represented 
in  the  preceding  sections)  there  are  beds  abounding  in  pectens  and  am^ 
monites. 

3.  Certain  species  of  marine  fossils  abound  in  particular  groups  of  the  lime- 
stone strata^  and  so  far  become  in  some  measure  characteristic  of  them ;  but 
I  am  not  sure  that  any  one  species  is  actually  confined  to  one  limestone  group. 
Most  of  the  fossils  of  the  Scar  limestone  may  be  founds  here  and  tbere^  in  the 
twelve-fathom  limestone^  and  vice  versdj-.  Wherever  there  is  a  sudden  change 
of  mineral  character^  we  may^  however^  remark  an  equally  sudden  change  in 
the  fossil  species. 

Thus^  for  example^  very  few  of  the  corallines,  encrinites,  bivalves,  &c. 
(abounding  in  the  limestone)  are  found  in  the  alternating  beds  of  shale;];; 
and  impressions  of  coal-plants  hardly  ever  occur  in  the  limestone  groups^ 
though  they  abound  in  the  alternating  groups  of  sandstone  and  shale.  This 
distribution  obviously  originated,  partly  in  the  habits  of  the  animals  above- 
mentioned,  and  partly  in  the  mechanical  causes  by  which  the  beds  themselves 
were  produced. 

4.  The  several  groups  of  limestone,  so  remarkable  above  all  the  other 
strata  for  their  regularity  and  continuity,  were  evidently  the  result  of  a  stow 
tranquil  deposit,  assisted  by  the  action  of  organic  bodies ;  and  most  of  the 

*  Some  geologists  have  contended,  not  merely  that  all  coal-beds  are  lacustrine,  but  that 
they  once  existed  as  turf  bogs, — a  supposition  surely  inapplicable  to  the  carboniferous  chains  of 
Northumberland  and  Yorkshire.  To  bring  such  a  theory  into  action,  we  must  suppose  that  the 
chains  in  question  were  elevated,  and  again  submerged  under  the  ocean,  at  least  as  many  times  as 
there  are  beds  of  coal  alternating  with  beds  of  encrinite  limestone; — a  most  cumbrous,  and,  I  think, 
an  incredible  hypothesis,  which  never  could  have  been  started  by  any  one  who  had  examined  the 
coal-fields  in  the  basin  of  the  Tweed,  or  even  the  carboniferous  chains  of  the  North  of  England. 

f  I  may,  however,  remark,  that  I  have  never  seen  trilobites,  ammonites,  orthoceratites,  and 
perhaps  some  other  rare  fossils  of  the  mountain  limestone,  in  any  part  of  the  series  above  the  great 
Scar  limestone, 

X  The  bands  of  calliard or  crow-limestone,  above  described,  may  seem  an  exception  to  this  rule; 
but  the  number  of  species  they  contain  is,  if  I  mistake  not,  very  limited. 
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fossil  remains  subordinate  to  them  have  lived  and  died  on  the  spots  wfiere 
they  are  now  found.  On  the  contrary^  some  of  the  other  alternating  strat£^ 
have  originated  in  an  action  decidedly  mechanical^  and  their  imbedded  ligneous  .-. 
fossils  have  been  drifted  from  a  distance.  Hence  it  is  that  these  strata  are  in 
general  much  less  regularly  continuous  than  the  groups  of  limestone.  The 
observation  must  not^  however^  be  strained  too  far ;  as  some  of  the  thin  bands 
of  coal  above  described  are^  on  any  hypothesis^  of  astonishing  regularity  and 
continuity*. 

5.  The  bottom  beds  of  each  calcareous  group  are  often  impure^  and  contain 
very  few  traces  of  organic  remains^  and  do  not  generally  alternate  to  any  con- 
siderable extent  with  shale  and  sandstone.  We  may  also  remark^  that  the 
corallines^  zoophytes,  &c.  found  in  such  positions  are  commonly  of  small  size. 
At  the  top  of  each  limestone  group,  on  the  contrary^  the  alternations  of  shale 
and  sandstone  are  universal,  and  the  fossils  are  numerous  and  full-grown. 
From  all  which  it  seems  to  follow — that  each  limestone  group  commenced  at 
the  beginning  of  a  period  of  repose — that  the  marine  animals  which  assisted 
its  growth  were  at  first  few  in  number  and  ill-developed — that  they  gradually 
became  vigorous  and  full-grown ;  and  were  at  length  destroyed  only  after 
repeated  irruptions  of  mud  and  sand. 

6.  The  valleys  in  the  carboniferous  chain^  near  the  longitudinal  sections^ 
are  not  generally  excavated  on  any  lines  o{  fault;  and  are^  in  the  severest 
sense  of  the  term,  valleys  of  denudation.  Yet  the  actual  erosion  on  the 
ledges  of  solid  rock  at  the  numerous  waterfalls  (of  which  I  have  attempted  to 
point  out  the  origin)^  is  in  general  so  small  as  almost  to  demonstrate^  that 
there  must  have  been  ^  great  change  in  the  distribution  of  the  water-channels 
at  some  period^  very  recent  when  compared  with  that  of  the  first  elevation  of 
the  carboniferous  chain,  before  the  deposit  of  the  new  red  sandstone. 

^  As  an  example  of  this,  I  may  state  that  at  Cross  Pits,  in  the  valley  of  Dent,  the  coal-seam 
under  the  twelve'fathom  limestone  is  divided  by  a  band  of  clay,  half  an  inch  thick,  into  two  parts, 
with  distinct  mineral  characters ;  and  that  the  same  coal-seam,  with  exactly  the  same  subdivisions, 
has  been  found  in  the  mountain  on  the  opposite  side  of  the  valley,  at  the  distance  of  three  or  four 
miles  measured  in  a  straight  line.  This  seems  to  prove  that  a  bed,  not  more  than  a  fraction  of  an 
inch  thick,  was  originally  continuous  through  an  area,  probably  several  miles  in  diameter. 
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IV. — Observations   on  some  of  tJie   Strata  between    the   Cludk  and 

the  Oxford  Oolite,  in  the  Sonth-east  of  England. 

By  WILLIAM  HENRY  PITTON,  M.D.,  P-R.S.  P.G.S.,  &c. 

[ReadJune  15,  1827.] 

(1.)  In  a  paper  published  in  the  Annals  of  Philosophy  for  November  and 
December  1824*^  I  gave  an  account  of  the  order  and  characters  of  the  strata 
which  occur  beneath  the  chalk  on  the  coast  of  part  of  the  Isle  of  Wight  and 
of  Dorsetshire^  and  stated  some  reasons  for  supposing  that  a  similar  arrange- 
ment would  be  found  to  exist  in  the  interior  of  England. 

The  principal  objects  of  that  paper  were;  Firsts  to  distinguish  as  a  separate 
group^  the  series  of  strata  now  called  the  Lower  Green-sand ; — which  had  pre- 
viously been  confounded  either  with  the  beds  containing  green  particles 
immediately  below  the  chalky  or  with  the  sandy  and  ferruginous  strata  conspi- 
cuously exhibited  on  the  coast  at  Hastings^  and  then  called  ^^  Iron-sand." 
Secondly y  to  indicate  more  clearly  than  had  been  done  before,  the  peculiar 
characters  of  the  group,  which  succeeds  in  a  descending  order  to  that  just 
mentioned,  and  is  remarkably  distinguished  by  its  fossils  from  the  strata  imme- 
diately in  apposition  with  it,  both  above  and  below.  For  this  latter  group, 
which  includes  the  Weald  clay,  the  sand  of  Hastings,  and  the  Purbeck  lime- 
stone, and  is  well  entitled  to  a  separate  denomination,  I  have  adopted  the  name 
of  "  Wealden/'  proposed  by  Mr.  Martin,  in  his  valuable  memoir  on  the  West 

of  Sussex  f. 

(2.)  The  objects  of  the  inquiries  which  have  produced  the  following  pages 
were,  to  compare  some  portions  of  the  series  of  strata  between  the  chalk  and 
the  Oxford  oolite,  in  different  parts  of  the  South-east  of  England ;  to  ascer- 
tain the  existence  of  the  Wealden  in  the  interior;  and,  if  possible,  to  deter- 
mine its  boundaries. 

*  Annals  of  Philosophy;  New  Series,  1824,  vol.  viii.  pp.  365,  458,  &c. 
-f  "  Memoir  on  a  Part  of  Western  Sussex":  4to,  London,  1828. 
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In  stating  the  result  of  this  investigation^  I  shall  give  a  series  of  sections  of 
the  strata  below  the  chalky  at  places  which  I  have  myself  examined  *,  beginning 
on  the  coast  near  Folkstone^  and  following  the  outline  of  the  chalk  thence  to 
the  sea  on  the  N.  West  of  Norfolk.  The  relative  situation  of  these  places  is 
shown  in  the  map  annexed  to  this  paperf .  The  intermediate  country,  in 
general^  I  have  not  examined  in  detail,  and  some  points  of  importance  I  have 
never  seen ;  but  those  who  may  have  opportunities  of  continuing  the  inquiry, 
will  find,  I  hope,  no  difficulty  in  connecting  their  observations  with  mine. 

(3.)  The  series  of  strata  about  to  be  described  extends  from  the  Chalk  down 
to  the  Oxford  oolite  or  coral-rag,  and  is  composed  of  alternating  but  irre- 
gularly distributed  beds  of  Sand,  Clay,  and  Stone. 

Among  the  sandy  strata,  it  is  important  to  discriminate  not  only  between  the 
Lower  green -sand  and  that  of  Hastings,  but  to  distinguish  both  from  a  third 
group,  consisting  principally  of  sand  abounding  in  green  particles,  which  lies 
beneath  the  Portland  stone. 

Clay,  of  several  varieties,  occurs  in  all  parts  of  this  series;  but  three  groups, 
constituting  the  Gault,  the  Weald-clay,  and  the  Kimmeridge-clay,  derive  pe- 
culiar importance  from  their  generally  occupying  valleys,  or  depressions,  at 
the  foot  of  the  escarpments  of  the  Chalk,  the  Lower  green-sand,  and  the  Port- 
land stone,  respectively,  and  thus  producing  conspicuous  natural  features  in  the 
tracts  where  this  succession  is  observable. 

The  stone  of  the  tracts  under  consideration  is  either  limestone;  indurated 
sand-rock;  chert;  or  siliceous  matter  intimately  mixed  with  carbonate  of  lime, 
in  the  form  of  grit, — which  has  commonly  a  concretional  structure,  and  seems 
to  pass  into  continuous  beds  only  by  the  approach  and  ultimate  union  of  the 
concretions. 

But  the  most  remarkable  distinction,  in  the  suite  described  in  this  paper, arises 
from  the  great  difference  of  chamcter  in  the  organized  remains  which  the 
principal  groups  include.  The  fossils  of  the  chalk  and  green-sands  and  those 
of  the  Portland  stone,  are  all  marine,  and  the  species  numerous.  But  in  the 
Wealden,  between  the  lower  green-sand  and  the  Portland  stone,  although  the 
fossils  are  abundant  as  to  quantity,  the  species  are  comparatively  few,  and  by 
far  the  greater  part  of  them  belongs  to  fresh  water.  The  whole  of  the  phe- 
nomena, in  short,  presented  by  this  remarkable  assemblage  of  beds,  arc  such 
as  to  accord  with  the  hypothesis  of  their  having  been  deposited  in  fresh  water 
communicating  with  the  sea. 

*  Plates  X.  a,  and  X.  b. 

f  Plate  IX. — The  detail,  upon  a  larger  scale,  will  appear  in  the  new  edition  of  Mr.  Greenough's 
Geological  Map  of  England. 
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(4.)  Combining  these  sources  of  distinction^  the  following  arrangement  and 
subdivisions  may  be  adopted^  the  nomenclature  of  which^  however  exposed  to 
criticism^  is  now  probably  too  well  established  to  be  changed  without  incon-' 
vcnience*. 


Fossils,  marine :  species  nu* 
merous. 


r  Upper, 
Chalk  •  •  •  •  ^  Lower, 

L  Marly. 

{Upper  grecH'Sand, 
GauU, 
Lower  green-satuL 

r  Weald-clay.  '\  Fossils,  for  the  greater  part, 

Wealden  •  •  <  Hastings  sands.  >       of  fresh  water :  species 

L  Purheck  strata.  J         few. 

{Portland  stone.  1 

Portland  sand.  1  Fossils,  marine :  species  nu- 

Kimmertdge  and  Weymouth  clay  and  sand.    C       merous. 
Oxford  oolite  (Coral  rag).  J 

(5.)  I  proceed  now  to  describe  the  Sections  of  these  strata^  beginning  with 
the  coast  of  Kent;  and  1  shall  connect  with  each  section  a  list  of  such  fossils  as 
I  have  either  found  myself^  or  obtained  on  good  authority  from  the  places  men- 
tioned. The  whole  of  the  shells  in  these  lists  have  been  examined  and  named 
by  Mr.  James  Sowerby^  by  whom  also  the  drawings  of  the  supposed  new 
species  were  made^  and  the  annexed  engravings  executed  f*  It  is  right  to 
mention  this  explicitly^  both  that  I  may  take  the  opportunity  of  expressing 
my  acknowledgments  for  Mr.  Sowerby's  valuable  and  assiduous  cooperation^ — 
and  that,  being  myself  but  very  slightly  acquainted  with  Conchology^  I  may 
place  the  portion  of  the  following  pages  which  relates  to  that  subject  on 
better  authority  than  my  own. 

Vicinity  of  Folkstone^  Kent. 

ifi.)  The  small  map^  (Plate  Yll.  fig.  1.,)  reduced  from  the  Ordnance  Survey^ 
represents  the  country  in  the  immediate  neighbourhood  of  Folkstone  and 

*  I  have  stated  in  another  place  (Annals  of  Philosophy,  vol.  viii.  pp.  461,  462,)  some  ohjections 
to  the  employment  of  names  for  geological  strata,  which  refer  to  characters  not  essentially  con- 
nected with  the  structure  or  position  of  the  objects  to  be  designated.  But  the  temr  green-sand,  x 
however  faulty,  besides  the  universal  use  of  it  in  England,  has  been  adopted  both  in  Grermany  and 
France ; — where,  however,  it  may  be  regarded,  in  some  measure,  as  free  from  the  disadvantage^ 
of  a  significant  name. 

f  Plates  XI.,  et  seq. 

VOL.  IT. SECOND  SERIES.  P 
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Sandgate^ — ^the  relative  position  of  this  tract  being  shown  on  the  general  map, 
(Plate  IX.).  The  View  (Plate  YIIl.),  for  which  I  am  indebted  to  the  kind- 
ness of  my  friend  the  Rev.  J.  D.  Glennie  of  Sandgate,  shows  the  actual  appear- 
ance of  the  coast  from  Eastware  Bay  to  Hythe ;  and  the  section  (Plate  X  a. 
No.  1.)  illustrates  the  succession  of  the  strata^  on  a  part  of  the  shore  which 
is  not  distinctly  visible  in  the  more  direct  view  from  the  sea. 

(7.)  The  chalk  cliffs  in  the  vicinity  of  Dover  have  been  described  in  detail 
by  the  late  Mr.  William  Phillips* ;  and  the  presence  of  the  upper  green-sand 
which  had  escaped  the  notice  of  Mr.  Phillips^  has  been  pointed  out  by 
Mr.  De  Basterotf.  These,  with  Mr.  Conybeare's  more  general  description;^, 
and  Mr.  William  Smith's  coloured  map  of  Kent,  are  the  only  modem  geolo- 
gical illustrations  of  this  part  of  England  with  which  I  am  acquainted.  But 
there  is  a  publication  of  much  earlier  date, — Packe's  ''Chart  of  East  Kent," 
with  its  explanatory  memoir  entitled  ArK0rPA4>IA,  printed  in  1743,  which, 
though  not  strictly  geological  in  its  immediate  object,  points  out  very  correctly 
the  connexion  between  the  external  features  and  the  disposition  of  the  strata 
in  the  tract  to  which  it  relates,  and  contains  such  excellent  views  in  physical 
geography  as  to  demand  especial  notice  in  this  place $. 

(8.)  As  the  chalk  rises,  in  proceeding  from  Dover  towards  Folkstone,  the 
upper  beds  disappear ;  the  cliffs  represented  in  the  view  and  section  consist- 
ing entirely  of  the  lower  members  of  that  stratum.  The  rise  of  the  marly  chalk 
above  the  sea  level  occurs  about  a  mile  and  a  half  to  the  east  of  the  escarp- 
ment of  Folkstone  hill,  and  the  place  is  well  marked  by  the  breaking  out  of 
a  very  copious  and  perennial  spring,  called  ''Lydden  Spout,"  which  issues 
from  the  top  of  these  marly  beds|| ; — a  situation  probably  corresponding  to 
that  of  the  springs  which  everywhere  appear  in  the  interior,  along  the  foot  of 
the  chalk  range.     Near  the  ''Spout"  the  cliff  is  about  450  feet  high;  the 
upper  part  consisting  of  very  white  chalk,  with  a  bed  of  flint  nodules,  the 
rest  of  chalk  without  flints,  gradually  assuming  a  greyer  hue  as  it  descends. 
About  the  middle  of  the  cliff  a  thick  bed  has  acquired  by  exposure  a  rough 
and  darker  surface,  by  the  aid  of  which  it  can  be  traced  towards  the  west; 

♦  Geol.  Trans.,  First  Series,  vol.  v.  p.  16. 

-|-  Geo].  Trans.,  Second  Series,  vol.  ii.  p.  SS4. 

X  Outlines  of  England  and  Wales,  p.  119—184. 

§  A  more  full  account  of  this  valuable  work,  which  liad  been  previously  mentioned  by  Mr. 
nybeare,  will  be  found  in  a  tract  on  the  Progress  of  Geology  in  England,  by  the  author  of  tb^-  ^ 
present  paper : — London  and  Edinburgh  Philosophical  Magazine  for  1 832,  vol.  i.  p.  447,  &c. 

II  A  new  species  of  Tomatella,  named  by  Mr.  Sowerby  elongata,  was  found  in  the  chalk  umu^^v/ 
at  this  place,  by  the  Rev.  G.  £.  Smith.     See  Plate  XI.  6g.  1. 
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tind  on  the  shore  there  are  numerous  detached  masses^  composed  of  round 
portions  of  grey  marly  chalk  united  by  a  yellowish-brown  cement.  The  shore 
itself^  at  this  place^  is  a  firm  floor  of  light  bluish  g^ey  marl^  the  beds  beneath 
being  of  a  still  darker  hue.  The  vertical  face  of  the  cliff  retires  from  the  sea 
about  2000  paces  west  of  Lydden  Spout;  and  the  intermediate  shore^  thence 
to  Ciopt  Pointy  is  occupied  by  a  mass  of  ruin^  which  has  fallen  from  above^ 
in  consequence  of  the  rise  and  erosion  of  the  soft  argillaceous  beds  beneath. 
The  sudden  transition  to  this  ruinous  under-cliff  from  the  vertical  face  of 
chalk  is  very  remarkable.  A  stratum  abounding  in  green  particles^  intimately 
mixed  with  marl^  appears  at  low  water^  in  several  detached  places  on  the 
shore  west  of  Lydden  Spout^  and  is  succeeded  by  the  blue  clay  of  the  gault^ 
which  continues  to  Copt  Pointy  where  it  rests  upon  the  sand  and  grit  of  lower 
green-sand : — ^the  prominence  of  the  Point  itself^  and  of  the  shore  to  the  west 
of  it^  being  evidently  produced  by  the  greater  firmness  and  durability  of  the 
latter  stratum. 

The  succession  of  the  beds  is  best  seen  in  the  retiring  portion  of  the  shore^ 
immediately  on  the  north  of  Copt  Pointy  (see  Plate  X  a.  No.  1.)  A  small  outlier 
of  the  lowest  chalky  with  green-sand  beneath  it^  is  there  exposed  at  the  summit 
of  the  rounded  hill  on  which  stands  the  Martello  Tower  No.  3.  Copt  Point 
itself  consists  almost  entirely  of  gault^  which  tops  the  low  cliff  thence  to  the 
village  of  Folkstone.  The  lower  green-sand^  rising  gradually  from  the  Pointy 
occupies  the  whole  cliff  west  of  the  village ;  and  being  continued  without  in- 
terruption^ through  Sandgate  and  in  the  heights  above  Hythe^  its  outcrop  turns 
from  the  coast  into  the  interior^  at  Aldington  Comer.  Finally^  the  Weald- 
clay^  rising  on  the  shore  beneath  Shorn  Cliffy  occupies  the  greater  part  of  the 
heights  and  sloping  ground  on  which  the  town  of  Hythe  is  placed^  and  ex- 
tends about  four  miles  farther  to  the  west^  where  it  gives  place  to  the 
Hastings-sands. 

In  my  obervations  on  this  part  of  the  coasts  I  shall  confine  myself  to  the 
beds  below  the  chalk ;  referring  for  a  detailed  account  of  that  stratum  to 
Mr.  W.  Phillips's  paper^  already  mentioned. 

(9.)  Upper  Green-sand.  The  upper  green-sand  near  Folkstone^  is  but 
a  scanty  representative  of  the  formation,  as  it  occurs  in  the  Isle  of  Wight> 
Surrey^  Western  Sussex^  and  some  other  places  in  the  interior;  its  total 
thickness  probably  not  exceeding  five-and- twenty  or  thirty  feet^  and  the  stony 
strata  and  concretions  of  chert  being  altogether  wanting.  Its  rise  upon  the 
shore  is  concealed ;  and  the  stratum  is  first  seen  in  its  proper  situation  be- 
neath the  Martello  Tower  No.  8.  A  small  outlying  portion  about  fourteen 
feet  in  thickness^  occurs  beneath  a  cap  of  grey  chalk  marl  about  eight  feet 

p2 
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tbick^  at  the  top  of  the  hill  on  which  the  Tower  No.  3.  is  placed*;  add  in  this 
place  the  stratum  consists  of  a  soft  marly  sand^  traversed  in  every  direction 
by  stem-like  cylinders^  which  have  within  them  cores  of  darker  green  matter. 
It  also  contains  some  irregular  masses  of  a  bright  brown  or  orange  hue ; 
but  the  greater  part  is  composed  of  grey  calcareous  marl>  like  the  lowest; 
chalky  so  thickly  interspersed  with  green  particles  as  to  exhibit  only  their 
colour. 

The  fossils  which  1  found  in  this  stratum  were  few  in  number^  and  in* 
distinct:  the  only  species  that  could  be  ascertained  was  the  Pecf en  or6ictt*r 
laris^i,  one  of  the  characteristic  shells  of  the  lower  chalk  and  upper  green-* 
sand  in  Hampshire  and  Western  Sussex. 

(JO.)  The  green  matter^  which  abounds  in  this  stratum  near  Wissant^  on  the 
opposite  coast  of  France^  has  been  examined  by  M.  Berthier;{; ;  who  found  it  to 
consist  principally  of  silica  and  protoxide  of  iron^  with  ten  per  cent,  of  potash* 
For  the  purpose  of  comparing  the  green-sands  of  different  places  and  forma-^ 
tions,  my  friend  Dr.  Turner,  Professor  of  Chemistry  in  the  London  Univer- 
sity, was  good  enough  to  examine  some  specimens  from  the  upper  and  lower 
green-sands  of  Folkstone,  of  the  Yale  of  Wardour,  and  the  Boulonnois,  and 
also  particles  of  the  same  kind  which  abound  in  the  sand  and  concretions 
beneath  the  Portland  stone,  in  the  Boulonnois,  and  in  England.  I  subjoin  * 
the  result  of  this  examination  $,  whence  it  appears  that  in  all  these  cases  the 

*  See  Plate  VIII.  and  the  Section,  Plate  X  a.  No.  1. 

f  Mineral  Conchology,  tab.  1 86. 

%  Cuvier  and  Brongniart,  Environs  de  PariSf  2nd  edit.  1822,  p.  249.  See  also  Annates  des 
Mines,  iv.  1819,  p.  62S.;  and  v.  1820,  p.  197. 

}  The  following  passages  are  transcribed  from  the  notes  with  wliich  Dr.  Turner  has  favoured 
tne  upon  this  subject. 

'*  The  colouring  matter  of  green -sand  sometimes  appears  in  the  rock  of  its  ordinary  green  tinti 
and  sometimes  in  grains  of  so  deep  a  green  that  they  seem  black.  The  former  generally  occurs  in 
sand,  or  where  the  sandstone  is  porous,  and  in  this  state  an  ochreous  appearance  is  oflen  observed, 
due  to  the  green  particles  being  partially  decomposed,  and  their  iron  having  passed  into  a  higher 
state  of  oxidation ;  whereas  the  black-looking  grains  are  met  with  in  highly  calcareous  sand- 
stone, where  the  texture  is  too  firm  to  admit  of  the  percolation  of  water.  From  either  kind  of  rock 
the  green  matter  may  be  obtained  by  washing  with  water  and  subsidence,  since  the  colouring  matter 
subsides  less  readily  than  grains  of  quartz,  and  more  readily  than  calcareous  and  argillaceous  sub- 
stances. For  the  purpose  of  analysis  it  is  best  procured  from  those  calcareous  sandstones  where 
tlie  cement  predominates,  as  in  the  neighbourhood  of  Hythe  and  Folkstone  in  Kent.  On  reducing 
such  samples  to  powder,  washing  away  the  finer  particles  with  pure  water,  and  separating  any 
adhering  carbonates  by  dilute  muriatic  acid,  the  colouring  matter  is  lefl,  mixed  only  with  smalt 
grains  of  quartz.     It  then  always  appears  in  the  form  of  earthy  particles  of  a  deep  green  tint. 

**  The  green  matter,  when  not  previously  weathered,  is  very  feebly  attacked  by  concentrated  acids. 
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green  matter  is  of  the  same  nature.  A  slight  examination  of  the  green  par^ 
ticles^  which  Sir  John  Herschel  had  previously  the  goodness  to  make  for  me, 
intimated  the  same  results. 

(11.)  Gault.  The  rise  of  this  stratum  on  the  shore  is  also  obscured  by  ruins 
of  the  superior  beds ;  but  it  is  visible  in  detached  points^  at  low  water,  in 
Eastware  Bay,  and  forms  the  greater  part  of  the  cliff  at  Copt  Point,  where 
many  of  the  more  beautiful  specimens  of  the  Gault  fossils,  seen  in  collections, 
have  been  obtained.  It  appears  also  below  the  outlier  of  the  upper  green- 
sand  already  mentioned  (Plate  Xa.  No.  1.);  and  occupies  nearly  the  whole 
of  the  grassy  and  ruinous  cliff  between  the  base  of  the  Martello  Tower  No.  2^ 
and  the  sea.     Its  total  thickness  is  about  ISO  feet,  and  it  may  be  divided  into 

even  by  the  nitro-muriatic.  It  gives  out  water  when  heated,  and  becomes  brown  from  its  iron 
passing  into  the  state  of  peroxide.  As  it  has  been  supposed  to  owe  its  green  colour  to  the  pre- 
sence of  phosphoric  acid,  it  was  carefully  examined,  with  the  view  of  detecting  that  acid,  if  presekit. 
It  was  accordingly  fiised  with  carbonate  of  soda,  the  alkaline  filtered  solution  neutralized  by  nitric 
add,  and  evaporated  to  dryness,  and  the  neutral  solution  tested  by  nitrate  of  silver  and  nitrate  of 
lead.  Of  two  samples  of  green-sand,  thus  examined,  one  was  found  to  be  quite  free  from  phosphoric 
acid,  and  traces  only  were  detected  in  the  other.  The  former  was  also  free  from  lime,  and  the  latter 
contained  but  a  small  portion.  It  is  hence  obvious,  that  neither  lime  nor  phosphoric  acid  are 
essential  constituents  of  the  colouring  matter  of  green-sand,  and  their  presence  must  be  regarded  as 
casual. 

*'  In  order  to  determine  the  chemical  constitution  of  the  colouring  matter,  I  collected  some  green 
partides  from  the  calcareous  sand  of  Eastware-bay,  near  Folkstone,  removing  all  foreign  matter 
as  fitf  as  possible,  by  washing  with  water  and  dilute  acid.  The  only  impurity  which  I  could  detect 
after  this  treatment  consisted  of  small  grains  of  quartz,  the  quantity  of  which  varied  in  different 
samples. 

**  A  portion  of  green  particles  thus  purified,  very  firee  firom  oxidation,  and  dried  at  212?  Fahr. 
lost  7*0  per  cent,  of  water  when  heated  to  redness. 

"Another  portion  of  the  same  sample  was  fused  with  carbonate  of  soda,  and  the  earthy  ingredients 
subsequently  separated  and  weighed  in  the  manner  usual  in  such  analyses. 

**  A  third  portion  was  heated  with  carbonate  of  baryta,  and  examined  for  potash,  traces  of  which 
were  readily  found.     According  to  the  total  result,  the  green  particles  consist  of 


"  Saica 48-5 

Black  Oxide  of  Iron 22*0 

Alumina ^ 17*0 

Magnesia 3*8 

Water 7-0 

Potash traces 


"  98-3 


[M.  Berthier's  anmlytis  of  the  green  particlet  firom 
near  Havre  gave  the  following  proportions : — 

Silica 50-0 

Protoxide  of  Iron 21*0 

Alumina 7*0 

Water... ll'O 

Potesh     10*0 


99-0.] 


*'  It  is  superfluous  to  speculate  on  the  precise  atomic  constitution  of  the  green  particles,,  since  they 
•re  not  obtained  in  a  state  of  perfect  putity.     The  ingredients  which  appear  to  be  essential, 
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two  portions.  The  upper  part  immediately  succeeding  the  upper  green-sand 
contains  green  particles ;  and  thence,  for  some  feet  downwards,  it  is  harsh 
and  sandy.  The  lower  portion  consists  of  a  smooth^  uniform,  very  plastic 
clay,  of  a  light  bluish  grey  colour,  much  in  request  for  the  &brication  of  tiles 
and  common  pottery.  It  is  in  this  part  of  the  cliff  at  Copt  Point,  that  the 
perfect  and  beautifully  iridescent  Ammonites,  Inocerami,  Hamites,  and  other 
fossils,  have  been  obtained.  From  the  Point  the  stratum  rises  gradually  to 
the  west,  forming  the  summit  of  the  hill,  about  108  feet  in  height,  on  the 
east  of  the  town  of  Folkstone ;  and  some  traces  of  it  also  exist  at  the  top  of 
the  next  cliff,  on  which  the  church  stands.  From  the  coast  the  gault  can  be 
traced  in  a  corresponding  situation  in  the  interior,  along  the  foot  of  the  chalk 
escarpment ;  its  presence  being  everywhere  indicated  by  a  depression  of  the 
surface,  and  by  the  marshy  aspect  of  the  soil,  which  generaUy  produces  rushes 
and  is  strongly  contrasted  with  that  both  of  the  chalk  above^  and  of  the  lower 
green -sand  beneath. 

It  is  not  improbable  that  in  the  Isle  of  Wight  and  some  other  situations 
where  the  fossils  of  the  gault  are  rare,  the  upper  and  more  sandy  portion 
only  of  this  stratum  may  exist.  At  Cheriton  Tile-works  near  Folkstone^  the 
workmen  expressly  state  that  it  is  the  lower  part  only  of  their  pits  which 
affords  the  shells. 

(12.)  Throughout  the  gault,  but  chiefly  in  the  inferior  portion,  concretions 
of  iron  pyrites  are  found,  generally  approaching  to  a  globular  or  cylindrical 
figure,  and  of  a  radiated  crystalline  structure  within,  or  in  long  thin  vermi- 
cular rods,  which  at  first  sight  might  be  taken  for  vegetable  stems.  On  the 
opposite  coast  of  France,  near  Wissant,  the  pyrites  is  so  abundant  in  the 
gault  as  to  have  given  origin,  some  years  since,  to  a  manufactory  of  sulphate 
of  iron*;  but  near  Folkstone  the  quantity  is  comparatively  inconsiderable. 

both  from  the  quantity  in  which  they  occur,  and  their  constancy  in  the  colouring  matter  of 
green-sand  from  different  localities,  are  silica,  alumina,  oxide  of  iron,  magnesia,  and  water.  I 
should  hence  consider  the  green  matter  as  a  hydrated  silicate  of  alumina,  magnesia,  and  black 
oxide  of  iron,  and  as  being,  in  all  probability,  the  true  green  earth,  or  earthy  chlorite  of  mineralo- 
gists. The  analyses  of  chlorite  hitherto  published  are  so  discordant  as  to  prove,  either  that  dif- 
ferent compounds  have  been  examined  under  the  same  name,  or  that  the  specimens  under  exami-  - 
nation  were  very  impure.  The  essential  ingredients,  however,  appear  to  have  been  the  same  as  ii 
the  subject  of  my  analysis. 

"Though  the  foregoing  description  applies  more  immediately  to  the  colouring  matter  of  thm 
green-sand  from  the  vicinity  of  Folkstone,  J  have  obtained  similar  results  on  examining  that  fit>i 
Hythe  and  several  other  places.     Indeed,  from  the  examination  of  many  samples  of  green-i 
collected  by  Dr.  Fitton  from  various  localities  in  England  and  France,  I  believe  the  colourinir:^ 
matter  to  be  precisely  the  same  in  all." 

*  See  Annalei  des  Mines^  1819,  p.  623. 
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(13.)  Other  nodules  and  irregular  masses  are  also  found  throughout  this 
stratum^  which  resemble  coprolite  in  their  chemical  composition,  though  no 
traces  of  animal  structure  are  apparent  in  them.  These  are  often  associated 
with  pyrites,  and  traversed  by  veins  of  that  substance,  as  in  septaria*  Inter- 
nally they  are  in  general  of  a  dark  brownish  hue,  and  the  fracture  is  even  or 
splintery,  like  that  of  some  varieties  of  chert.  The  form  of  these  nodules 
is  sometimes  very  like  that  of  coprolites ;  but  though  portions  of  shells  are 
sometimes  found  within  them,  I  have  not  detected  any  fragments  of  bone  or 
scales  of  fishes.  The  surface  of  some  of  the  detached  masses  is  eroded,  as  if 
by  worms ;  to  the  action  of  which,  therefore,  they  were  probably  exposed  be- 
fore they  were  enveloped  in  the  clay.  In  other  cases  they  are  of  a  very  irre- 
gular figure,  surrounding  or  incorporated  with  fossil  remains,  especially  of 
Ammonites,  the  interior  of  which  is  filled  with  matter  of  the  same  kind. 

Concretions  of  this  description  occur  not  only  in  the  gault  of  diiferent 
places,  but  are  also  numerous  in  the  bottom  of  the  lower  green-sand  at  Ather- 
field  in  the  Isle  of  Wight ;  and  a  mass  found  by  Mr.  Lyell  in  the  crag  at 
Southwold  in  Suffolk,  which  is  mentioned  by  Dr.  Buckland*,  appears  to  have 
been  of  similar  character.  The  concretions  of  the  gault  in  Kent  evidently 
agree  with  those  of  Havre  and  Wissant,  analysed  by  M .  Berthier,  and  found 
to  contain  about  57  per  cent,  of  phosphate  of  lime,  with  a  considerable  portion 
also  of  carbonate  of  limef .  It  can  hardly  be  doubted  that  they  are  derived 
from  the  remains  of  animals,  though  no  traces  of  bony  texture  are  now  per- 
ceptible ;  and  it  is  not  improbable  that  they  may  have  been  the  contents  of 
the  intestines  of  marine  animals,  which  fed  upon  each  other,  though  not  in 
all  cases  moulded  into  the  form  of  coprolite. 

The  abundance  of  phosphate  of  lime,  especially  in  submarine  strata,  will  not 
appear  surprising,  when  it  is  recollected  that  not  only  the  bones,  spicule  and 
scales  of  fishes  afford  that  substance  in  large  quantities,  but  also  the  covering 
of  the  Echinodermata^  and  of  crustaceous  animals,  in  a  smaller  proportion  X- 

*  Gedogical  Tmmcdons*  Second  Series,  vol.  iii.  p.  234,  note. 

t  Dr.  Front,  eoon  after  hit  examination  of  die  Coprolites,  of  whidi  Dr.  Bucldand  has  giren  an 
account  in  the  Geological  Transactions  (Second  Series,  vol.  iii.  p.  237  &c.),  was  good  enough  to 
eraarine  aome  of  the  concretions  from  the  gault  of  Kent  and  the  Vale  of  Wardour,  and  from  Ather- 
fieU,  and  fonnd  them  all  to  contain  phosphate  of  lime,  united  with  carbonate  of  lime  and  oxide  of 
iroOf  in  difierent  proportions,  the  dark-coloured  Tarieties  containing  the  largest  prc^rtions  of  the 
phosphate.  They  all,  likewise,  yielded,  more  or  less,  the  peculiar  smell  given  out  by  coprolites 
when  dissolved  in  muriatic  acid.  Dr.  Turner  has  since  examined  other  specimens,  from  the  gault 
beneath  Blanc-nea,  and  at  Lottinghen  on  the  east  of  the  Lower  Boulonnois,  and  finds  them  to  indi- 
cate a  similar  chemical  composition. 

X  Hatehett  *'Oii  Shdl  and  Bone.&c";  Phik)sophical  Transactions  1799,  p.  328,  and  ISOO,  p.  373^ 
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( 14.)  The  following  is  a  list  of  the  fossils  of  the  gault  in  this  neighbourhood, 
in  my  own  collection,  and  in  those  of  Mr.  Hills,  of  Court-at-street  near  Lympne, 
of  Mr.  Sowerby,  and  some  other  of  my  friends.  I  take  the  present  oppor- 
tunity of  expressing  my  obligation,  especially  to  the  Rev.  Gerard  E.  Smith 
and  Mr.  Hills,  for  their  kindness  in  supplying  me  with  all  the  new  species 
of  their  collections,  many  of  which  are  figured  in  the  plates  annexed  to  this 
paper.  Lord  Greenock  also  has  been  so  good  as  to  allow  me  to  have  drawings 
taken  from  some  specimens  collected  by  himself. 


List  of  Fossils  from  the  Gault,  in  the  vicinity  q/*  Folkstone,  Kent*. 

Ammonites  auritus.    Fleur  de  Luce  pits  near  Folkstone.  F. 

J.  Beneitia.    Leacon  Hill,  about  two  miles  S.W.  of  Charing,  Kent.  S. 

A.  Beudaniii.    (Brongniart;  Env.  de  Paris,  tab.  vii.  fig.  2.)    Cberiton.  F. 

A.  ?  circularis.    PL  XI.  f.  W.    Burbam  near  Maidstone.  So. 

A.  crenatus.    PI.  XI.  f.  M.    Tile-works  at  Cheriton.  F. 

A.  deniatus^  (Syn.  A.  serratus^  Parkinson.)    Leacon  Hill.  S.    Fleur  de  Luce.  F. 

A.  inflaius.    Folkstone.  F. 

A.  lautus*    Leacon  Hill.  S.    Folkstone.  Min.  Conch. 

A.  minutus.    Folkstone.  Min.  Conch. 

A.  proboscideus.    Folkstone.  Min.  Conch. 

A.  Selliguinus.  (Brongniart;  Env.  de  Paris,  tab.  vii.  f.  1.)  (Syn.  A.  lisvigatus  ? 
Min.  Conch.)    Cberiton,  near  Folkstone.  F. 

A.  spkndens.   (Syn.  A.  planus  i  MvLuiell.)   Leacon  Hill.  S.   Tile- works,  Cheriton.  F. 

A.  subcristatus.  (Brongniart ;  EInv.  de  Paris,  tab.  vii.  f.  10.)  Fleur  de  Luce  near 
Folkstone.  F. 

A.  symmetricus.  PI.  XI.  f.  21  and  23.  Clay-pits  near  the  Fleur  de  Luce,  Folk- 
stone. F. 

A.  tuberculatus.    Leacon  Hill.  S.     Fleur  de  Luce  pits,  near  Folkstone.  F. 

A.  varicosusf.    Folkstone.  M.  C. 

*  In  this  and  the  subsequent  lists  of  fossils,  the  names  are  disposed  in  alphabetical  order,  for 
facility  of  reference.  The  new  species  are  in  Roman  type,  the  rest  in  Italics.  A  systematic  list  of 
all  the  genera  and  species  of  the  several  lists  will  be  given  at  the  close  of  these  pages. 

In  the  statement  of  localities,  the  capital  letters  after  the  names  of  places  denote  the  persons  to 
whose  authority  the  occurrence  of  the  several  species  is  referred ;  H.  signifying  Mr.  Hills,  of  Court- 
at-street  near  Lympne ;  S.,  the  Rev.  G.  E.  Smith,  A.M. ;  So.,  Mr.  Sowerby ;  G.,  Henry  H.  Good- 
hall,  Esq. ;  F.,  the  Author  of  this  paper.  The  letters  M.  C,  or  Min.  Conch.,  denote  the  Mineral 
Conchology  of  Messrs.  Sowerby ;  Geo!.  Soc,  the  Museum  of  the  Geological  Society. 

-f-  Mr.  Parkinson  has  mentioned  other  species  of  Ammonites ;  A.  omaius,  from  Folkstone  and 
Cambridge,  A.  pansus,  from  Folkstone  and  West  Mailing,  Kent  (Geol.  Trans.,  First  Series, 
vol.  V,  pp.  67  and  68).     Tb^  A.  serratus  of  Parkinson  is  A.  dentatus  of  Sowerby. 
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Auricula  inflata.    PI.  XI.  f.  11.    Copt  Point?  S. 

Belemnites  Menuatus.    Licacon  Hill.  S.    Near  Folkstone.  F. 

B.  minimus.    (Syn.  B.  Usteri.)    Folkstone.  F. 

Cardium  ?  decussatum.    Copt  Point.  S. 

C  (species  doubtful).    Indistinct  specimens,  apparently  different  from  C.  decussa- 
tum. 

Caryophyllaa.    Folkstone.  F. 

Corbula  siriatula.    Folkstone.  Min.  Conch. 

Corystes}    Mantell,  Sussex.  PI.  29.  fig.  13.    Near  Folkstone.  S. 

CytheriBa  parva.  (Syn.  Venus  parva;  M.  C.)    Eastware  Bay  and  Leacon  Hill.  S. 

Dentalium  ellipiicum.    Copt  Point.  S. 

Exogyra  conica.    Near  Hythe.  H. 

Gastrochana  (species  doubtful).  Found  in  perforations  of  dicotyledonous  wood.  East 
of  Folkstone.  S.  and  F. 

Hamiies  aculeatus.    PI.  XII.  f.  4.     Copt  Point.  H.  and  S. 

The  Rev.  G.  E.  Smith's  observations  on  the  new  points  in  the  structure  of  this 
genus  will  be  found  hereafter,  with  Mr.  Sowerby's  description  of  the  species 
figured  in  the  Plates  annexed  to  this  paper.  The  figures  in  PI.  XII.  are  from 
drawings  by  Mr.  Smith.  * 

H.  armatus.    Near  Folkstone.  F. 

H.  attenuaius.    PI.  XII.  f.  3.    C!opt  Point. 

H.  compressus.    Fleur  de  Luce  near  Folkstone.  F. 

H.  gibbosus.    Fleur  de  Luce  near  Folkstone.  F. 

H.  elegans.    (Parkinson,  Geol.  Trans,  v.  p.  58.)    Folkstone.  S. 

H.  intermedius.    Leacon  Hill,  and  Fleur  de  Luce  pits.  F. 

H.  maximus.    Leacon  Hill.  S.    Fleur  de  Luce.  F. 

H  nodosus.    Near  Hythe.  H. 

ff.  rotundus.    PI.  XII.  f.  1  &  2.    Copt  Point.  S. 

ff.  tenuis.    Near  Folkstone.  F. 

Inoceramus  conceniricus.  Beautiful  specimens  of/,  concentricus  and  sulcaius^  with  va- 
rious Ammonites,  retaining  the  pearly  lustre  of  the  shell,  are  found  in  great  num- 
bers about  the  middle  of  the  cliff  at  Copt  Point.  F.  Folkstone;  W.  Mailing,  Kent ; 

•  

and  Cambridge :  (Parkinson,  Geol.  Trans,  v.  p.  57,  58.)  Also  at  Leacon  Hill.  S. 
J.  Cripsiii    Mantell,  Geol.  Sussex,  PL  27.  f.  11.    Near  Sandgate. 
J.  sulcatus.    Folkstone ;  W.  Mailing,  Kent ;  and  Cambridge :  Parkinson. 
Jdodiola  bella.    PI.  XI.  f.  9.    Near  Hythe.    (Lower  Green-sand  ?)  H.  and  F. 
JUttrex calcar.    Folkstone?  F. 
^atica  canaliculata.    (Syn.  Ampullaria  canaliculataj  Mantell.)    PI.  XI.  f.  12.     Near 

Folkstone.  S.  and  F.    Thfe  specimen  a,  b  is  filled  with  brownish  (coprolitic  ?) 

phosphate  of  lime. 
Ifucula  bivirgata.    PI.  XI.  f.  8.    Eastware  Bay.  H.  and  G.    Leacon  Hill.  S. 
N.  ovata.    Mant,  Geol.  Sussex,  PI.  19.  f.  26.  27.     Folkstone.  Mantell. 
H.  pectinata.    Copt  Point  and  Leacon  Hill.  S.     Fleur  de  Luce  pits  and  Cheriton.  F. 

W.  Mailing,  Kent ;  and  Cambridge :  (Parkinson,  Geol.  Trans,  v.  p.  59.) 

VOL.  IV. — SECOND  SERIES.  Q 
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Nucula  ?  undulata.    Copt  Point  ?  S. 

Osirea  macroptera  ?    Flear  de  Lace  near  Folkstone.    M.  C.  and  F. 

Panopaa  plicata.    {Myaplicaiay  Min.  Conch.)    Near  Folkstone.  M.  C. 

Pentacrinui.    PI.  XI.  f.  4.    Copt  Point.  H. 

Plagiosiatna  elongatum.    Folkstone.    Specimens  have  been  found  I^  in.  wide,  |  in. 
deep,  and  \  in.  thick.  6. 

Pleurotomaria  GibsiL     (Trochus  Gibsii  o(  Min.  Conch.)     Copt  Point  and  Leacon 
Hill.  S. 

Plicaiula  pectinoides.    East  of  Folkstone.  S.  ? 

PoUicipes  laevis*    PI.  XI.  f.  5.     Copt  Point,  Folkstone.  H.;  with  the  following 
species : — 

P.  rigidus.    PI.  XI.  f.  6*.     Copt  Point.  H. 

P.  unguis.    PI.  XI.  f.  6*.    Copt  Point.  H. 

Pyrula  Ff  Smithii.     PI.  XI.  f.  15.     Copt  Point.  S. 

RosteUaria  buccinoides.    PI.  XI.  f.  17.    Eastware  Bay.  6. 

R,  cakarata.    Near  Folkstone.  S. 

R.  carinaia.    PI.  XI.  f.  19.     E!astware  Bay.  S. 

R.  elongata.    PI.  XI.  f.  16.    Copt  Point,  Folkstone.  H. 

R.  marginata.    PI.  XI.  f.  18.     Copt  Point.  H. 

jR.  Parktnsoniu    Copt  Point  and  Leacon  Hill.  S. 

Serpula  antiqtuUa.    Near  Beachborough,  Folkstone.  M.  C.    (Upper  Green-sand  ?) 

S.  artkulata.     Folkstone.  M.  C. 

S.  rustica.    Eastware  Bay.  M.  C.     (Upper  Green-sand  ?) 

Solarium  conoideum.  (Min.  Conch.)    PI.  XI.  f.  14.    Near  Folkstone.  S.  and  F. 

S.  ornaturo.    PI.  XI.  f.  13.     Fleur  de  Luce  near  Folkstone.  S.  and  F. 

Spatangus  argillaceus.  (Phillips,  Geol.  of  Yorkshire,  PI.  II.  f.  4.)    East  of  Folkstone. 

Teredo  2     In  fossil  Dicotyledonous  wood,  Leacon  Hill.   S.     Folkstone,  and  Cam- 
bridge :  (Parkinson,  Geol.  Trans,  v.  p.  58.) 

Terebratula  biplicata.    Folkstone  (in  gault  ?).  S. 

T.  sella.    Near  Folkstone  (in  gault  ?).  S. 

T.  sulcata.    Folkstone,  and  Cambridge :  (Parkinson,  Geol.  Trans,  y.  p.  50.) 

Tomatella  ?  affinis.    Plate  XVIII.  fig.  9.    Eastware  Bay.  S. 

Trochus  Gibsii  I    See  Pleurotomaria  Gibsii. 

Turbinolia  Kanigii.    Leacon  Hill.  Very  abundant.  S. 

Turritella  (species  doubtful).    Folkstone.  S. 

Venericardia  tenuicosta.     PI.  XI.  f.  7*.    Eastware  Bay.  H. 

Venus  paroa.    See  Cytheraa. 

V.  ?  tenera.    PI.  XI.  f.  7.    Copt  Point  near  Folkstone.  H. 

t  In  naming  this  genus,  and  some  others  mentioned  in  this  paper,  respecting  which  doubts  may 
be  entertained,  Mr.  Sowerby  appears  to  have  been  influenced  by  a  desire  to  produce  all  the  infor- 
mation which  the  specimens  could  afford,  conceiving  that  even  if  the  names  be  erroneous  the 
figures  may  still  have  some  value  as  objects  of  future  comparison. 
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Wood,  dicotyledonous.  East  of  Folkstone.  Perforated  by  Gastrochaena ;  near  Folk- 
stone.  S.  Sometimes  surrounded  with  pyrites.  Mr.  Parkinson  states  that  ^^  fossil 
<<  wood  occurs  plentifully  in  the  marl  (gault)  of  Folkstone ;  lying  chiefly  at  the 
^^  bottom  of  the  stratum,  on  the  green-sand.''    Geol.  Trans,  v.  p.  59. 

(15.)  Lower  Green-sand. — ^The  uniform  surface  of  this  stratum^  extensively 
shooting  out  beyond  the  chalky  forms  a  conspicuous  feature  of  the  country^ 
which  is  well  seen  from  the  ascent  of  Folkstone  Hill  on  the  road  to  Dover*. 
The  analogy  in  this  respect  to  the  appearance  of  the  sands  at  the  Black- 
down  Hills  in  Devonshire^  is  obvious  and  striking.  The  Bagshot  sands^  above 
the  chalk  in  Surrey^  also  exhibit  long  and  uniform  platforms^  the  section  of 
which  presents  a  linear  and  almost  horizontal  top^  with  a  rapid  escarpment  at 
both  extremities. 

(16.)  One  of  the  principal  circumstances  in  the  internal  structure  of  the 
Lower  Green-sand  at  Folkstone^  is  the  distinctness  with  which  it  is  divided  into 
three  groups ;  and  this  subdivision  probably  occurs  wherever  the  formation  is 
fully  developed  in  the  South-east  of  England.  It  is  clearly  seen  in  Surrey ; 
I  have  evidence  from  Mr.  Martin  of  its  existence  in  the  West  of  Sussex ; 
Mr.  Lonsdale  believes  it  to  hold  also  near  Devizes  in  Wiltshire ;  and  though  I 
did  not  become  acquainted  with  it  till  after  I  had  examined  the  Isle  of  Wight^ 
I  have  little  doubt  that  it  will  be  found  there  also. 

a.  The  first  of  these  subdivisions  may  be  characterized  as  consisting  prin- 
cipally of  sand,  white,  yellowish,  or  ferruginous,  with  concretions  of  limestone 
and  of  chert,  frequently  in  false  stratification.  It  forms  commonly  a  flat,  but 
sometimes  an  irregular  hilly  sur&ce,  rising  from  the  valley  of  the  gault,  and 
bearing  a  dry,  barren  soil. 

6.  The  second  member  abounds  in  green  matter,  is  retentive  of  moisture, 
and  contains  comparatively  little  stone :  it  occupies  a  flat  and  marshy  tract, 
between  the  first  and  third  divisions. 

c.  The  third  and  lowest  member  contains  a  greater  proportion  of  calca- 
reous matter,  and  includes  some  of  the  principal  beds  of  stone  bearing  the 
name  of  ''  Kentish  Rag'' ;  which  commonly  form  a  prominent  ridge  at  its 
outcrop,  adjoining  the  valley  of  the  Wealdf . 

*  From  Folkstone  Hill  the  ridge  of  Fairlight  Down,  near  Hastings,  is  a  very  striking  object : 
its  range  is  evidently  parallel  to  that  of  the  chalk  outcrop,  as  might  be  expected  in  the  axis  of 
elevation  of  the  tract  by  which  it  is  surrounded. 

f  In  Mr.  William  Smith's  Geological  Map  of  Kent,  two  ranges  are  indicated,  by  darker  co- 
lours, in  the  tract  between  the  coast  and  Maidstone ;  one  running  parallel  to  the  chalk,  from 
Sandgate  through  Ashford  and  Bursted  to  Penenden-Heath,  on  the  N.E.  of  Maidstone ;  the  lower, 
less  regularly,  from  Hythe  along  the  verge  of  the  Weald  Clay.  These  lines,  I  have  no  doubt,  indi- 
cate a  subdivision  like  that  mentioned  in  the  text :  but  in  the  explanatory  table  of  the  map,  the 
stone  of  the  tract  thus  coloured  is  said  to  be  the  Portland-rock. 
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The  situation  and  relative  space  occupied  by  these  subdivisions  near  Folk- 
stone^  are  shown  in  the  small  Map^  Plate  Vll.  fig.  1.^  and  in  the  View, 
Plate  VIII. 

( 17.)  a.  The  uppermost  subdivision  is  about  seventy  feet  thick.  It  rises 
upon  the  shore  on  the  west  of  Eastware  Bay ;  and  some  of  the  firm  siliceous 
beds  which  it  includes  near  the  top^  coming  up  from  the  sea  a  little  to  the 
east  of  Copt  Point,  are  continued  in  the  cliff  thence  to  the  west  of  Sandgate ; 
between  which  place  and  Folkstpne  distinct  sections  are  disclosed.  The 
greater  part  of  the  country  from  Folkstone,  through  Cheriton,  to  Newington 
is  occupied  by  this  bed,  and  the  heights  of  Dibgate  and  Sine  Farm,  where 
it  finally  disappears,  are  capped  with  it. 

(18.)  Where  the  sand  emerges  from  beneath  the  Gault,  it  is  often  loose, 
and  of  a  white  or  buff  colour;  but  at  the  immediate  junction  there  occurs,  in 
many  places,  a  course,  from  six  inches  to  a  foot  in  thickness,  of  concretions 
of  pyrites,  oflen  investing  fragments  of  silicified  coniferous  wood,  of  a  dark 
brown  colour.  The  composition  of  this  bed  resembles,  in  several  respects, 
that  of  the  Blackdown  sands  in  Devonshire,  the  stone  which  it  includes  con- 
sisting principally  of  siliceous  spongy  concretions,  like  the  whetstone  of  that 
place.  The  most  instructive  specimens  are  to  be  found  in  the  loose  decom- 
posed masses  on  the  shore.  In  the  vertical  faces  of  the  cliffs,  the  surface 
exposed  by  fracture  and  falling  away  is  at  first  clean  and  uniform,  no  traces 
of  the  stratification  appearing ;  but  after  a  time  the  sand  crumbles  from  the 
surface,  while  the  stony  portions  remaining  fixed,  become  prominent. 

The  whole  of  these  cliffs  consists,  in  fact,  of  sand  and  conglomerates  more 
or  less  firm,  produced  by  the  agglutination  of  the  loose  materials  which  formed 
the  original  submarine  deposit.  The  strata  vary  in  texture  and  composition, 
from  the  state  of  sand  to  that  of  very  hard  limestone  or  chert,  of  various 
shades  of  grey  and  brown;  the  latter  passing  into  chalcedony,  with  which  the 
cavities  are  sometimes  coated*.  The  transition  from  the  sand  into  compact 
stone  is  sometimes  very  rapid  ;  in  other  specimens  the  gradations  are  almost 
insensible. 

( 1 9.)  The  principal  components  of  these  conglomerates  are  the  following : 

1.  Quartz,  in  rounded  fragments,  from  the  bulk  of  a  large  pea  to  the 
minutest  visible  size,  of  several  shades  of  grey  and  white,  varying  from  trans- 
parent to  nearly  opake,  and  in  some  instances  passing  into  chalcedony. 

2.  Small,  worn  fragments  of  quartzose  jasper,  red,  or  greenish ;  with  flat 
surfaces,  in  some  cases,  indicating  stratification. 

*  It  is  remarkable,  that  notwithstanding  the  abundance  of  siliceous  matter  in  the  concretions 
near  Folkstone,  few  or  none  of  the  petrifactions  are  formed  of  it ;  while  at  Blackdown  in  Devon- 
shire most  of  the  shells  in  this  formation  are  casts  in  chalcedony. 
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3.  Fragments^  frequently  much  larger  than  those  above  mentioned^  of  very 
compact^  dark  brown^  blacky  or  grey  flinty  slate.  Sometimes  the  appearance 
of  these  fragments  is  internally  that  of  hornstone^  approaching  to  jasper. 

4.  Fragments^  often  angular^  or  sh'ghtly  rounded^  of  schistose  granular 
quartz,  or  sandstone,  interspersed  with  very  minute  particles  of  mica;  not 
eServescent ;  its  colours  varying  from  smoke  grey  to  greenish.  • 

5.  Near  Ashford,  in  the  ferruginous  sand  at  the  top  of  the  formation,  frag- 
ments are  found  of  brown  hematitic  iron  ore;  but  much  less  abundantly  than 
in  the  corresponding  part  of  the  section  at  Redcliff^  nearSandown,  in  the  Isle 
of  Wight,  and  at  other  places. 

6.  Near  the  top  of  the  sands,  in  the  blocks  of  decomposed  stone,  upon  the 
shore,  lumps  are  found,  from  the  size  of  a  walnut  downwards,  of  a  dark 
brown  substance,  externally  spongy,  and  of  irregular  surface^  and  within 
having  the  fracture  and  appearance  of  the  phosphate  of  lime  described  in 
Section  (13)*.  In  these  brown  masses  are  also  some  grains  of  quartz,  and 
small  portions  of  shell.  This  occurrence  of  phosphate  of  lime,  both  in  the 
gault  and  at  the  upper  part  of  the  lower  green-sand^  is  an  additional  proof 
of  the  continuity  of  their  deposition. 

(20.)  The  stone  of  the  more  uniform  beds  (''Kentish-rag/')  has  great 
variety  of  characters,  from  those  of  a  granular,  or  sparry  c6mpound  to  com- 
pact limestone^  some  specimens  of  which  might  be  taken  for  that  of  older 
formations.  In  many  cases,  the  calcareous  cement  is  so  crystalline^  that  light 
is  reflected  continuously  from  extensive  surfaces,  although  the  face  of  the 
fracture  is  thickly  set  with  small  pebbles  of  quartz ;  in  other  cases  the  stone 
is  a  dense  conglomerate,  composed  of  quartz  grains  with  a  small  proportion 
only  of  the  cement.  All  the  varieties  contain  disseminated  grains  of  the  green 
matter  above  described  in  section  (10);  which  is  frequently  so  abundant  as 
to  give  its  colour  to  the  stone.  In  many  of  the  rolled  fragments  on  the  shore 
near  Folkstone,  this  constitutes  more  than  half  the  compound^  the  remainder 
being  decomposed  carbonate  of  lime,  inclosing  grains  of  quartz  and  flinty 
slate.  In  the  more  advanced  state  of  decomposition^  the  mass  has  the  ap- 
pearance of  mortar  ;  and,  in  most  cases,  the  stone  efiervesces  copiously  with 
fltcids^  the  green  particles  remaining  undissolved. 

The  chert  of  this  upper  stratum  is  frequently  of  a  dark  grey  colour^  and 

*  The  specimens  here  referred  to  were  sent  me  from  the  shore  immediately  on  the  west  of  Folk- 
itone,  by  my  friend  the  Rev.  J.  D.  Glennie ;  but  there  can  be  no  doubt  of  their  having  fallen  from 
the  adjacent  clifi.  Among  the  darker  masses  mentioned  in  the  text  were  portions  of  the  claws  of 
m  Astacus.  On  the  shore  hereabouts  plicated  Terebratulss  were  found  in  nodules  of  arsenical 
pyrites. 
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very  like  chalk  flint.  In  some  specimens^  this  dark  variety  adjoins^  with 
scarcely  any  gradation^  a  light  grey,  or  white  siliceous  agglomerate^  in  which 
the  original  sandy  structure  is  still  discernible ;  while  in  the  adjacent  darker 
chert  the  fracture  is  flat-conchoidal  and  splintery,  with  the  glimmering  lustre 
of  hornstone^  all  trace  of  the  grains  having  disappeared ; — as  if  a  sand  of  wax 
had  been  consolidated  by  gentle  softenings  in  a  heat  not  sufficient  for  its 
liquefaction.  In  its  passage  to  chalcedony^  the  siliceous  matter  often  assumes 
a  white  colour^  the  aspect  being  nearly  that  of  porcelain^  and  it  becomes 
translucent  when  moistened. 

(21.)  A  section  of  the  upper  part  of  this  member  (a)  of  the  lower  green- 
sand^  in  the  cliff  about  midway  between  Folkstone  and  Copt  Pointy  was  as 
follows : 

Top  of  the  Lower  Green-sand. 

Feet    Inchn. 
Bluish  grey  clay  {GauU),  a  few  feet  in  thickness,  at  the  top  of  the  cliff:  then — 

1.  At  the  junction  of  the  clay  and  sand  is  a  hed  consisting  of  pyrites  in  lumps, 

more  or  less  decomposed ;  ahout    1  0 

2.  Grey  quartzose  sand,  with  numerous  green  particles , 4  0 

3.  Sand,  in  which  lines  of  false  stratification  are  conspicuous    1  6 

4.  Similar,  hut  coarser  sand    2  6 

5.  Sand,  yellowish,  slightly  concreted,  irregular  in  thickness ;  much  more  solid  in 

the  eastern  part  of  the  cliff;  about •  •  8  0 

6.  Sand 2  0 

7.  Irregular  siliceous  concretions    • 0  9 

8.  Sand,  nearly  as  above,  with  a  few  dispersed  concretions • 3  0 

9.  Irregular  concretions,  like  No.  7    1  6 

10.  Sand,  with  a  few  scattered  concretions 3  0 

11.  Irregular  concretions,  in  sand ;  more  dispersed 2  0 

12.  Sand,  as  above 4  0 

13.  Concretions 0  3  to  6 

14.  Sand ;  as  above,  but  finer ;  about 5  0 

15.  About  four  courses  of  concretions,  with  sand  between 3  6 

16.  Sand ; — to  the  foot  of  the  cliff 4  0 

Total ;  about  ....   38       0* 

The  concretions  of  Numbers  5,  7,  9,  11,  13,  15,  consist  of  siliceous  spong)^ 
stone,  like  the  whetstone  of  Devonshire,  varying  from  a  loose  friable  mass, 
the  consistency  of  chert.  In  many  instances  the  surface  has  the  form  of  cylin 
drical  stems. 

*  The  height  of  the  cliff  at  this  place  is  really  not  more  than  thirty  feet ;    but  the  proporiio99. 
are  nearly  as  above  given. 
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(83.)  In  another  section  of  this  part  of  the  stratum^  at  one  of  the  quarries 
about  midway  between  Risborough  and  the  east  of  Sandgate^^  the  detail 
was  thus : 


Surfmce  of  the  hill. 


Feet  Inch.  Feet.  Inch. 


1.  A  group,  consisting  of  alternate  courses  of  sand  and  irregular  siliceous 
concretions : — 

a.  Sand,  with  a  few  interspersed  concretions 0 

6.  Stone,  in  irregular  spongiform  concretions,  including  fragmenU 
of  Oysters  or  Gryphites,  and  passing  into  grey,  compact  chert, 
which  in  some  instances  graduates  into  chalcedony ; — retaining, 
however,  traces  of  the  original  sandy  structure.  The  concre- 
tions include  also  minute  fragments  of  calcareous  matter,  so 

that  the  surface  effervesces  in  detached  points ;  about     0 

e.  Sand ;  loose,  somewhat  coarse,  consisting  principally  of  grains  of 
quartz    

d.  Stone ;  in  loose  spongy  concretions,  white,  opake,  and  in  some 

places  more  compact  within,  like  chalcedony ;  not  effervescent. 

e.  Sand;  coarse,  dark  brown,  not  effervescent;  a  great  part  con- 

sisting of  grains  of  translucent  quartz    0 

yi  Stone ;  in  roundish,  flattened  concretions.  A  conglomerate  of  gra- 
nules of  quartz,  with  some  portions  of  flinty  slate,  and  dark  green 
specks,  cemented  by  sparry  carbonate  of  lime :  from  2  inches  to     0 
g.  Sand;  dark  greenish  grey,  not  efiervescent,  including  casts  of 

Ammonites  in  pyrites     0 

A.  Stone 0 

t.  Sand ;  dark  greenish  grey,  gritty,  not  effervescent •     0 

2*  A  bed  of  siliceous  and  porous  concretions,  nearly  continuous ;  very  like 

the  whetstone  of  Blackdown ;  not  effervescent     

5.  Beds  of  sand,  partially  concreted,  somewhat  coarse,  soft,  effervescing 
copiously,  and  including  concretions  of  cherty  stone.  The  false  stratifi- 
cation of  this  part  of  the  cliff  is  very  conspicuous 

4.  Stone,  alternating  with  sand :  thus : — 

a.  Stone,  in  somewhat  compact  concretions,  oblique  to  the  general 
stratification,  including  cylindrical  portions,  like  the  stems  of 
Siphonaria;   the  greater  part  siliceous,  white  and  opake,  but 

effervescing  in  detached  spots ;  about 0 

6.  Sand,  greenish  grey,  effervescing  copiously • 0 

c.  Stone,  in  loose,  spongy,  irregular  concretions  • •  A  •  • . .     0 

d.  Sand,  loose,  greenish  grey,  effervescent   0 

e.  Stone,  in  spongiform  concretions,  like  1.  b,  above,  passing  into 

chert    0 

/.  Sand,  like  d 0 

g»  Stone,  in  spongy  concretions ;  as  at  Blackdown 0 


0     6 


0     4 


8 

4 
2 
4 


about 
S     0 


9 
6 
9 
6 

4 

9 

4 


0     2to4. 


about 
4      0 


♦  See  the  Map,  PI.  VII.  fig.  1. 
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5.  Sand,  vitli  concretiona ;  greenuh  grey,  uaifomi,  not  efierveicent.  At  tl>e 
bottom  of  this  bed  it  a  course  of  concreted  sand  passing  into  stone,  with 
■eaiOB  oblique  to  the  general  stratification.  The  stone  is  in  some  places 
opake  and  nhite,  like  chalcedony,  including  however  minute  dark  green 
particles :  the  looser  pieces  are  spoi^,  like  the  Blackdoirn  whetstone. . 

C.  Sand  and  stone :  thus : — 

a.  Sand,  resembling  that  of  No.  5,  but  of  darker  colour   

b.  Stone.    A  dark  grey,  compact,  fine-grained,  conglomerate  of  cal- 

careous spar  and  grains  of  quarts,  in  some  places  traversed  by 
thin  veins  of  spar      

c.  Sand,  resembling  a,  luufonn,  not  efierveacing 

d.  Stone ;  a  compact  conglomerate,  including  small  portions  of  dark 

flinty  slate 


Total  ....  about     16    0 

In  another  quarry,  immediately  beneath  this  one,  the  composition  was  ap- 
parently the  same ;  but  the  beds  of  chert  were  more  numerous. 

(S2.)  The  false  straUfication  above  alluded  to,  or  the  subdivision  of  the 
beds  by  lines  oblique  to  the  general  course  of  the  stratification,  is  a  promi- 
nent circumstance  in  the  upper  part  of  the  lower  green-sand  in  this  neigh- 
bourhood. It  is  observable  in  several  places  on  the  road  from  Hythe  to 
London ;  and  was  very  well  exhibited  in  the  sides  of  the  road  through  the  hill 
between  Sandgate  and  Folkstone,  where  the  sketch  subjoined  was  taken. 


In  the  beds,  of  which  a  portion  is  here  represented,  not  only  the  lines  of 
division,  but  the  concretions  within  the  strata  exhibit  the  oblique  arrange- 
ment; and  in  some  instances,  the  larger  cherty  masses,  the  general  direction 
of  which  is  that  of  the  prevailing  strati heation,  send  out  offsets  in  the  direction 
of  the  false  strata,  as  expressed  in  the  sketch.     There  is  no  appearance  of 
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variation  in  the  circumstances  under  which  the  different  strata  were  deposited^ 
although  some  of  those  traversed  by  the  lines  above  described  alternate  with 
others^  in  which  no  traces  of  them^  or  scarcely  any^  are  to  be  seen. 

(23.)  The  concretional  masses  described  in  the  preceding  sections  give 
rise  to  some  questions  of  great  interest  in  geology.  There  can  be  no  doubt 
that  all  these  strata  were  originally  deposited  in  the  state  of  sand  and  gravel ; 
but  in  the  quarries  of  East  Kent  all  stages  of  gradation  can  be  perceived^ 
from  distinctly  separated  concretions  of  stone *^  to  others  so  nearly  uninter- 
rupted^ that  the  next  step  into  perfect  continuity  can  be  easily  conceived. 
The  sands  below  the  Portland-stone  the  coral-rag  and  the  inferior  oolite^ 
afford  examples  of  the  same  character :  and  in  all  these  cases  the  concretions 
must  have  been  formed  after  the  deposition  of  the  sand  which  includes  them^ 
and  probably  beneath  a  great  depth  of  compacted  materials.  In  such  a  mass^ 
shut  off  from  the  free  access  of  air  and  change  of  temperature^  there  is  no 
obvious  reason  for  disturbance  of  the  affinities  which  maintained  the  original 
form  of  the  components^  except  the  decomposition  of  the  animal  and  vege- 
table remains  diffused  among  the  stony  substances ;  yet  here  we  have  not 
only  solid  limestone^  where  nothing  but  loose  sand  and  gravel  were  before^ 
but  firm  siliceous  concretions^  pervading^  and  so  identified  with^  the  separated 
particles  of  the  quartzose  sand^  that  the  whole  is  nearly  homogeneous.  If  the 
decomposition  of  the  organized  substances^  continually  acting  throughout  very 
long  periods  of  time^  be  not  sufficient  to  produce  the  whole  of  these  effects^ 
perhaps  it  may  be  supposed  that  electricity  is  the  cause  which  sets  free  the 
elements^  and  disposes  them  to  combine  anewf. 

(24.)  The  second^  or  middle  subdivision  (6.)  of  the  lower  green-sand^  first 

*  ConcredoDS  nearly  globular  occur,  in  the  uppermost  yellowiBh  sands,  at  Parkhouse,  near 
Folkstone. 

t  In  preparing  nitric  acid  in  a  chemical  laboratory  where  I  was  attending  some  years  ago,  the 
glass  retort  broke  towards  the  close  of  the  operation,  and  a  quantity  of  the  concentrated  solution 
of  bisulphate  of  potash  oozed  out  through  a  very  fine  crack  into  the  surrounding  sand.  On  re- 
moTii^  the  retort  some  time  ailerwards,  a  large  part  of  the  sand  was  found  to  be  agglomerated  into 
beautiful  concretional  masses,  like  bunches  of  grapes,  the  greater  portion  of  which,  of  course,  was 
sand,  and  the  cementing  substance  the  crystallized  salt.  The  masses  of  gravel  frequently  found 
cemented  by  carbonate  of  lime,  or  of  iron,  in  consequence  of  the  escape  of  the  carbonic  acid  which 
had  held  those  substances  in  solution,  is  an  example  of  another  mode  of  concretion.  In  the  first 
of  these  two  cases  the  loss  of  heat,  in  the  latter  the  escape  of  a  chemical  solvent,  has  obviously 
been  the  cause  of  the  consolidation.   But  the  case  mentioned  in  the  text  is  distinct  from  both. 

Dr.  Turner  justly  remarks,  respecting  substances  usually  considered  as  insoluble,  that  "  although 
**  the  weight  of  such  bodies  is  not  perceptibly  diminished  by  trials  conducted  in  the  laboratory, 
**  during  a  short  interval  of  time,  and  with  small  quantities  of  water,  the  effect  of  the  same  opera- 
VOL.  lY. SECOND  SERIES.  R 
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appears  upon  the  shore  on  the  west  of  Folkstone^  at  a  point  immediately  be- 
neath the  church*^  which  is  well  marked  by  the  breaking  out  of  a  spring.  It 
is  there  conformable  to  the  strata  described  in  the  preceding  sections^  and  the 
whole  of  it  ha£f  risen  to  some  feet  above  the  sea^  on  the  east  of  Sandgate^ 
where  rocks  of  the  subjacent  group  (c.)  make  their  appearance  on  the  shore. 
This  second  stratum  forms  the  middle  of  the  cliff  above  and  behind  the 
village  of  Sandgate^  but  thins  off  and  disappears  in  the  heights  on  the  west  of 
Nail-Down,  where  some  outlying  portions  of  the  superior  sand  {a.)  cap  the 
summit  of  the  hills.  Its  thickness  appears  to  be  from  70  to  100  feet:  it 
abounds  in  green  matter^  and  in  some  places  in  pyrites ;  from  the  presence 
of  which  substances  (though  in  what  manner  is  not  obvious)^  or  perhaps  of 
some  portions  of  clay^  it  acquires  a  retentive  property ;  so  that  the  soil  over 
it  is  marshy^  and  ponds  are  frequent  upon  its  surface.  The  tracts^  therefore^ 
which  it  occupies^  have  in  some  cases  in  the  interior  been  erroneously  sup- 
posed to  belong  to  one  of  the  beds  of  clay  subjacent  to  the  green-sand. 

(S5.)  The  boundaries  of  this  middle  bed^  where  it  is  disclosed  by  the 
streams  having  cut  through  the  incumbent  sands^  are  sufficiently  indicated 
on  the  map.  In  following  up  the  streams  towards  Inbrook  and  Frogwell^  the 
contrast  of  the  two  strata  is  very  conspicuous^  the  junction  of  this  retentive 
middle  group  with  the  sands  above  being  indicated  by  the  breaking  out  of 
springsf ;  and  a  line  drawn  through  the  heads  of  the  streamlets  thus  arising 
would  be  throughout  at  distances  from  the  outcrop  of  the  chalk  nearly  pro- 
portioned to  the  inclination  of  the  strata. 

(26.)  The  presence  of  this  stratum  occasions  frequent  falls  of  the  incum- 
bent sand  beds^  and  has  given  origin  to  an  under-cliff  covered  with  vege- 
tation^ which  extends  from  Folkstone  to  Sandgate.  The  sections  therefore 
are  obscured ;  but  enough  is  visible  to  prove  that  it  contains  no  prominent 
beds  of  stone^  and  that  concretions  are  comparatively  rare  in  it.  Near  its 
junction  with  the  stony  strata  beneath^  the  consolidated  sand  affords  several 
characteristic  fossils;  and  about  the  middle  of  the  heights  over  Sandgate ;^^ 
a  line  of  ferruginous  nodules  has  been  founds  inclosing  fossils^  like  those  of 

**  don,  as  performed  on  the  great  scale  in  the  mineral  kingdom,  during  hundreds  and  thousands  of 
'*  years,  and  with  unlimited  quantities  of  the  menstruum,  might  be,  and  doubtless  was,  very  dif- 
"ferent." — 'Report  of  a  Lecture  on  the  Chemistry  of  Geology';  Lond.  and  Ed.  Philosophical 
Magazine,  18Sd,  vol.  iii.  p.  24. 

♦  See  the  View,  Plate  VIII. 

t  It  is  not  impossible  that  the  site  here  mentioned  may  correspond  to  that  of  the  Sandrock 
spring,  in  the  Isle  of  Wight.  A  ferruginous  spring,  I  was  informed,  does  exist  in  the  vicinity  of 
Sandgate. 

X  In  the  grounds  of  Encombe,  the  seat  'of  Mr.  Dawkins.    The  place  is  indicated  in  Plate  VIII. 
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Shanklin  Chine  in  the  Isle  of  Wight^  and  of  Parham  Park  in  Western 
Sussex. 

(87.)  The  following  sections^  at  a  prominent  point  of  the  cliffy  between 
Sandgate  and  Folkstone^  include  a  portion  of  the  first  or  upper  member  of 
the  lower  green-sand  (a.),  with  the  upper  part  of  the  middle  stratum*  (6.). 


about 
y  2      0 


6       0 

to 
8       0 


Section  of  the  Cliffy  between  Folkstone  and  Sandgate. 

(a.) 

Feet.    In.       Feet.    In. 

1.  Sandy  with  numerous  courses  of  concretional  stone,  and  traces  of  false  1      about 

stratification    J    10       0 

2.  A  prominent  group  of  sand  and  concretional  stone ; 

a.  Stone.  Firm,  uniform,  fine-grained,  sparry,  conglomerate,  with  ' 

minute,  dark  green  particles. 

Some  of  the  blocks  on  the  shore,  apparently  fallen  from  this 

bed,  consist  of  close-grained  splintery  limestone,  somewhat 

sparry,  including  minute  dark  grains,  disseminated  in  small 

proportion.   They  afford  excellent  specimens  of  the  '  Kentish 

•rag' 

h.  Sand,  including  concretions  of  chert ;  about    2       0 

c.  Stone.  Loosely  concreted  conglomerate,  including  shells,  effer-  1     about 

vescing  copiously ;  when  decomposed  looks  like  mortar  ....  J     ^       0 

3.  Several  courses  of  sand  and  concretional  stone ; 

a*  Sand 

6.  Thin  course  of  concretional  cherty  stone,  nearly  continuous. 

The  chert  passes  into  chalcedony,  and  the  spongy  portions 

include  shells 

c.  Sand,  with  spongy  concretional  stone,  approaching  to  that  of 

Blackdown,  but  looser    

d.  Sand 

e*  A  bed  of  siliceous  masses,  like  the  stems  of  Siphoniae ;  about .        0 

/.  Sand 

g.  Greenish  grey  concretional  stone,  in  irregular  masses 


?     -1 
4 


to 


} 


6 


? 
? 


altogether 
about 
>    8       0 


6 
? 
?   J 


about      25  feet. 


(6.) 

4«  Greenish  grey  and  yellow  sand,  including  various  concretions ; 

a.  Sand about  5  or  6 

6.  Very  large  concretional  nodules,  consisting  of  greenish  sand, 

slightly  consolidated • 

c.  Sand,  without  prominent  beds  of  stone ;  about 40 


} 


between 
40       0 
and 
0     J    50       0 


:l 


Total from  70  to  80  feet. 

Beneath  is  the  plateau  of  the  under-cliff,  supporting  ponds^  and  producing 
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rushes ;  probably  thirty-five  to  forty  feet  in  thickness,  down  to  the  sea : 
part  of  which  the  section  is  as  follows  :— 

/>  V  FeeC     In. 

(*•)  r   4     0 

1.  Yellow  sand;  face  nearly  vertical,  from  a  recent  fall <         to 

Leo 

2.  Dark  smoke-grey,  crumbling,  sandy  clay,  or  cohesive  sand,  greenish  at  the  1     about 

bottom    , J      8       0 

3.  A  band  of  firmer  green-sand,  splitting  horizontally  into  very  tliin  layers,  from  the  ' 

interposition  of  lighter-coloured  sand,  which  seems  to  occupy  the  place  of  thin 
cylindrical  stems  or  twigs. 

In  this  bed  the  hammer  leaves  a  mark  of  a  vivid  green  colour,  but  the  general        about 
hue  is  dark  greenish  grey.     It  consists  of  very  minute  particles  of  quartz,  in-  ^    0       9 
timately  mixed  with  a  large  proportion  of  the  silicate  of  iron,  sofr,  and  of  a 
full  green  colour ;  not  effervescent,  except  in  minute  spots.  The  gradations  from 
this  compound  through  all  shades  of  colour  and  consistence,  to  brown,  and  even 
yellow,  sand,  are  imperceptible 

4.  Dark  greenish  grey  sand,  apparently  continuous  with,  and  passing  into,  the  tena-  1     ^Uq^i 

cious  matter  of  the  lower  beach • |     6       0 


Total,  about 20  feet. 

The  bottom  of  this  group  is  concealed  by  the  loose  gravel  of  the  beach. 

(28.)  A  striking  characteristic  of  the  middle  group  (6.)  is  the  great  diversity 
of  hue  and  consistency  which  it  assumes  under  different  circumstances.  The 
colour  when  dry  is  frequently  a  rusty  yellow ; — ^but  in  other  states^  con- 
nected perhaps  with  the  different  degrees  of  oxidation  of  the  iron^  or  with 
the  decomposition  of  the  pyrites^  which  it  frequently  contains^  it  is  of  a  dark 
greenish  hue^  and  passes  rapidly  from  the  consistency  of  loose  dry  sand  to  a 
tough  cohesive  mass.  In  these  respects  it  resembles  the  middle  portion  of 
the  cliffs  in  the  Isle  of  Wight. 

Near  the  bottom^  immediately  above  the  stone  of  the  group  (c),  this  middle 
stratum  consists  of  a  dull  greenish^  sandy^  and  mud-like  substance^  appa- 
rently a  mixture  of  clay  with  the  green  particles^  which  becomes  plastic^ 
and  almost  black  in  water.  In  these  dark  sands^  near  Seabrook^  are  decom- 
posed fragments  of  petrified  coniferous  wood*. 

(29.)  The  third  group  (c.)  of  the  Lower  green-sand  first  rises  on  the  shore 

*  The  Rev.  G.  E.  Smith  informs  me,  from  Sir  John  Tylden,  that  the  high  tides  in  the  spring  of 
1833  having  laid  bare  the  strata,  the  latter  had  an  opportunity  of  observing  the  lowest  bed,  of 
what  he  not  unaptly  calls  the  *  Blue  Division,'  on  the  shore  between  Shorn  Cliff*  and  the  village 
of  Sandgate.  **  It  is,"  he  says,  "  very  marly,  and  includes  a  great  quantity  of  wood  and  pyrites, 
**  and  in  places  resembles  the  gault  of  Eastware  Bay."  The  "  very  marly  "  beds  may  probably  be 
the  equivalent  of  the  Fuller's  earth  of  Surrey,  &c.,  which  has  not,  that  I  know  of,  been  distinctly 
seen  in  this  part  of  Kent. 
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beneath  low-water  inark^  about  midway  between  Folkstone  and  Sandgate : 
and  the  projection  of  the  land  to  the  souths  immediately  on  the  west  of  Folk- 
stone^  and  thence  to  Sandgate^  appears  to  have  been  produced  by  the  firm- 
ness of  the  barrier  which  this  solid  base  of  the  cliff  opposes  to  the  sea.  It 
becomes  visible  again  above  high- water  mark^  about  a  furlong  west  of  Sand- 
gate^  is  seen  in  detached  places  along  the  shore  under  that  village^  and 
rising  above  the  beach  at  Shorn  Cliffy  beneath  which  place  the  Weald  clay 
makes  its  appealipce^  can  be  traced  readily  in  the  heights  to  the  westward, 
being  opened  in  several  places  tor  stone. 

(30.)  From  Hythe  this  group  of  strata  forms  the  escarpment  of  the  cliff, 
as  far  as  Aldington  Corner^  where  it  turns  inland^  towards  the  north-west  ; 
and  thence^  along  the  valley  of  the  Weald  clay^  a  similar  barrier  of  stone 
forms  the  boundary  of  the  green-sand  formation.  The  line  of  coasts  from 
Copt  Point  to  near  Aldington^  not  being  exactly  parallel  either  to  the  strike*, 
or  to  the  dip^  but  oblique^  the  inclination  of  the  stone  beds  appears  in  the 
coast  section  to  be  less  than  the  truth ;  and  where^  as  at  Lympne^  between 
Hythe  and  Aldington^  the  escarpment  becomes  parallel  to  the  strike^  the 
strata  appear  to  be  horizontal. 

In  the  progress  of  this  lower  ridge  to  the  north-west^  from  near  Aldington 
Comer  to  a  hill  above  Singleton  Green  on  the  south  of  Great  Charts  there  is 
a  remarkable  interruption  of  the  escarpment^  where  the  line  of  heights 
retreats  towards  the  north  ;  so  that  the  streams  which  take  the  opposite 
directions^ — westward  to  supply  the  Medway^  and  northward  to  join  the 
branches  of  the  Stour  which  pass  through  Ashford^  are  there  nearly  united  f. 
An  obvious  explanation  of  this  effect  might  be^  that  the  concretions  of  stone 
were  wanting  in  this  portion  of  the  strata^  so  that  the  sands  thus  unsupported 
were  more  easily  carried  away. 

(31.)' The  relations  of  this  lowest  bed  to  the  remaining  groups  are  very 
well  displayed  in  the  ground  between  Seabrook  and  Saltwood^  especially  in 
the  road  leading  from  Dibgate  to  Sine  Farm^  and  thence  to  Hythe.     On  the 

*  I  adopt  this  term,  suggested  by  Professor  Sedgwick,  to  express  the  course  of  the  intersection 
of  strata  with  the  plane  of  the  horizon,  in  preference  to  cUrectionf  commonly  employed ; — the 
latter  term  being  ambiguous  in  its  application. 

t  In  Packe's  "  Map  of  East  Kent"  above  referred  to,  this  is  called  <'  a  Grand  Inosculation,"  and 
is  thus  described :  "  From  this  quarry  of  rag,  east  of  Chart  Magna,  to  the  other  quarry  of  the 
"  same,  west  of  Aldington,  the  Weald  of  Kent  and  the  Ashford  Vale  meet,  and  are  upon  very 
'*  gentle  ascents  towards  each  other,  inosculated  by  the  extremities  of  the  valleys  insensibly  into 
"  one  another,  the  stone  hills  receding  to  Ashford,  Wilsborough,  Sevington  and  Mersham,  the  soil 
**  of  both  being  the  same  deep  clay ;  and  these  stone  hills  are 'the  true  philosophical  boundaries  of 
**  both  these  r^ons." 
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west  of  Sine  Farm  the  upper  stratum  is  no  longer  founds  the  middle  and 
sloping  portion  of  those  hills  consisting  of  the  greener  beds  (6.)»  with  a  cap 
of  the  upper  sands  (a.)  on  the  top.  An  outlier  of  the  middle  stratum  resting 
upon  the  lowest  (c),  forms  the  summit  of  the  ground  between  Saltwood 
Castle  and  Hythe. 

Springs  break  out  both  from  the  top  of  the  Weald  clay  below  this  group 
of  stone^  and  from  the  cohesive  sandy  clay  above  it ;  a  considerable  thick- 
ness of  the  latter  being  interposed  between  these  stone  bg^l  and  the  sands 
which  cap  Sine  Farm  and  Nail-Down  Hills.  . 

(32.)  Though  in  a  general  view  the  rise  of  this  and  the  other  members  of 
the  lower  green-sand  accords  with  that  of  the  chalky  the  dip  being  at  a  small 
angle  to  the  east  of  norths  the  beds  of  stone  which  are  uncovered  at  low  tides^ 
upon  the  shore  under  Sandgate^  dip  at  an  angle  of  not  less  than  40^  towards 
the  north-west.  This  place^  therefore^  would  appear  to  have  been  the  site  of 
some  disturbance*. 

At  the  west  end  of  the  cliff  also^  between  Sandgate  and  Folkstone^  the  beds 
at  the  bottom  of  this  lowest  group  dip  inland^  or  towards  the  norths  at  an 
angle  of  about  40°  or  45°,  and  the  strike  is  from  about  5°  to  8°  north  of  west, 
to  the  south  of  east,  the  vertical  thickness  being  less  than  sixty  feet 

Sir  J.  Tylden  mentions,  that  in  a  quarry  close  to  the  brook  at  Underbill, 
the  strata  are  so  highly  inclined  as  to  be  almost  perpendicular ;  ''  curving," 
he  says,  ''  something  like*  the  flints  in  the  chalk  at  the  Isle  of  Wight,  as  if 
'^they  had  been  forced  up."'  No  traces  of  such  disturbance  met  my  observa- 
tion on  the  coast ;  but  this  fact  is  deserving  of  notice,  from  the  distinct  proofs 
of  elevation  observable  in  a  part  of  the  series  which  corresponds  to  that  here 
referred  to,  at  Brasted,  in  West  Kent,  as  will  be  mentioned  hereafter.  (38.) 

(33.)  The  lower  group  seems,  generally,  to  contain  more  calcareous  matter 
than  the  upper  divisions ;  and  this  in  some  specimens  is  splintery  limestone, 
almost  void  of  quartz,  with  but  little  of  the  green  substance  interspersed,  in 
very  minute  grains.  In  such  cases  small  portions  might  be  taken  even  for 
mountain  limestone.  The  concretions  are  commonly  traversed  by  contempo- 
raneous veins  of  calcareous  spar,  at  right  angles  to  the  surface,  and  inter- 
secting each  other,  one  set  being  parallel  to  the  strike,  and  the  other  neariy 
at  right  angles  to  it ;  they  divide  the  mass,  therefore,  into  pieces  approaching 

*  It  is  not  improbable  tbat  in  this  and  other  cases,  where  extensive  subsidence  has  taken  place, 
as  at  Eastware  Bay  and  the  back  of  tlie  Isle  of  Wight,  the  occurrence  was  not  confined  to  the 
period  during  which  the  sea  has  stood  at  its  present  level.  If  the  level  were  ever  higher  than  it 
is  now,  this  would  account  for  the  ruins  of  the  upper  beds  of  the  cliffs,  which  are  frequently  ob- 
servable in  the  sea,  beneath  low-water  mark. 
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to  rhomboids;  and  sometimea,  as  in  Seplaria,  they  are  thick. in  the  middle  of 
the  beds,  thinning  off  towards  the  top  and  bottom. 

(34.)  Some  of  the  best  sections  of  the  group  (c.)  are  to  be  found  in  the 
quarries  about  Seabrook*.     In  one  of  these  the  order  was  thus : — 

Feet.     Id. 

1.  Very  green-iand,  alternating  with  courses  formed  principally  of  stem-like  or 

vermicular  branches  of  whiter  sand,  and  including  ferruginous  patches.  The 
petrifactions, of  this  bed  are  very  numerous.  Grypheea  timtata  in  great 
abundance. 

2.  A  group  of  stone  beds ;  separated  by  yellowbh  calcareous  sand  and  clay,  called 

"  Hassock"  by  the  quarry-men.  The  upper  portion  especially  abounds  in 
petri&ctions.     The  beds  of  stone  are  18  inches  to  3  feet  in  thickness:  they 

are  concredonal,  but  nearly  continuous.  

The  toul  thickneia  visible  is  about    12      0 

(35.)  The  lower  beds  are  extensively  worked  in  quarries,  both  for  building 
and  lime-burning,  at  Pluckley  on  the  north-west,  and  at  Great  Chart  on  the 
south-west,  of  Ashford;  and  generally  along  the  outcrop  west  of  Aldington 
Corner,  where  the  Weald-clay  comes  very  near  to  the  stony  strata,  a  few  feet 
only  of  sand  rock  being  interposed.  The  line  of  junction  is  almost  every- 
where marked  by  the  coming  out  of  springs.  The  beds  ere  nearly  horizontal ; 
and  though  the  stone  occurs  in  continuous  masses,  of  sufficient  size  to  answer 
well  for  building,  these  are  evidently  concretional.  The  interior  of  the  blocks 
is  fi'equently  of  a  blueish  colour,  containing  throughout  minute  dark  grains : 
the  exterior  crust  is  brown. 

(36.)  The  following  is  a  list  of  the  fossils  which  I  have  obtained  or  col- 
lected irom  the  Lower  Green-sand  of  this  neighbourhood;  in  which,  however, 
those  of  the  three  groups  are  not  always  distinguished :  the  statement  of 
localities  containing  all  that  I  find  upon  this  point  in  my  notes. 

Fossils  of  the  Lower  Green-sand,  in  the  vicinity  of  FoUcstone. 

Ammotdtet  furcatuB.     PI.  XIV.  f.  17.     Lowest  beds  near  Hythe.  F. 

jf Monile.    Between  Sandgate  and  Folkstone.  S.  and  Min.  Conch. 

jf Nutfieldiensit.     Hjthe.     Also  Nutfield,  Surrey.  Min.  Conch. 

A .     Fragments  of  a  very  large  new  species  occur  in  greenish  "  rag,"  at  the 

bottom  of  the  lowest  beds  of  stone,  in  the  quarries  above  Hythe.  H. 
Attomia  Isvigata.     PI.  XIV.  f.  6.     In   Kentish   rag,  near  Sandgate.   S.  and  So. 

Lympne.  H. 

*  Those  near  Court-at-Street,  jrhich  have  funiiahed  io  many  foasils  to  the  collection  of  Mr.  Hilb, 
1  have  not  examined. 
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Anomia  radiata.    PL  XIV.  f.  5.     Near  Sandgate.  S. 

Attaeus.  (Claws  of  a  small  species.)  Near  the  contact  of  the  gault  and  green-sand.  F. 

Astarie  obaraia.    Near  Hythe.  H. 

A  Fragments,  apparently  of  three  different  new  species,  but  too  indistinct  to 

be  determined,  were  found  at  Lympne.  H. ;  and  Sellinge.  S. 
Astrea.    Folkstone.  Geol.  Soc. 

Avicula  pectinata.    PI.  XIV.  f.  3.     In  siliceous  rag,  near  Risborough.  F. 
A .    A  smooth  species,  probably  new.     Upper  sand  beds,  between  Sandgate  and 

Folkstone :  in  concretional  siliceous  stone,  passing  into  chert.  F* 
Belemniies.    (Species  doubtful.)     Indistinct  specimens  in  the  quarries  at  Hythe.  F. 
Cardium  ?  dissimile.    A  cast.    Quarry  near  Ivy  Cottage,  Sandgate.    Liowest  beds  of 

lower  green-sands.  F. 
(Jorj/stes.    (Species  doubtful.)     Liower  green-sand,  near  Hythe.  H.  and  S. 
CucuUasa  costellata  ?    Near  Seabrook.  F. 
C decussata.    Quarry  near  Ivy  Cottage,  Sandgate.  S.     Also  near  Court-at- 

Street.  H. 

C glabra.    Quarry  near  Ivy  Cottage.  F. 

C .    New  species ;  indistinct.    Ivy  Cottage.  F.    Near  Seabrook.  S. 

Cidaris  scutigerj  (Goldfuss.)    Court-at-Street.  H. 

Cyathophi/llum^  (Goldfuss.)     Folkstone.  Geol.  Soc. 

Cyprina  angulaia.    (Syn.  Venus.  Min.  Conch.)    In  soft  greenish  calcareous  sand  rock 

of  the  middle  group ;  shore  between  Folkstone  and  Sandgate.  F.    Quarries 

above  Hythe,  and  near  Lympne.  H. 
Echinus.    (Species  uncertain.)     Court-at-Street.  H. 

E arenosus.     PI.  XIII.  f.  1.     Quarry  near  Hythe. 

Exogj/ra  lasvigata.  Court-at-Street.  H. ;  and  vicinity  of  Sandgate,  near  Seabrook;  F. 

(Perhaps  the  full-grown  state  of  Chama  conica  ?)    Mr.  Sowerby. 
Gasirochasna ?    Near  Sandgate.  S.    Quarries  above  Hythe.  H.     In  the  shell 

of  an  Ostrea ;  in  compact  stone,  full  of  dark  green  particles. 
Galeriies  subuculus^  (Goldfuss.)     Near  Hythe.  S. 
Gervillia  avkuloides.   (Pema.  M.  C.)    Court-at-Street.  H.    Also  in  the  lowest  group 

of  stone,  near  Sandgate  and  Seabrook,  and  in  the  quarries  above  Hythe.  F. 

G .    A  new  species  ?    Court-at-Street.  H. 

Gryphasa  sinuata.     Near  Court-at-Street.  H. ;    and  Sandgate.  F. ;    also  near  Ash- 
ford.    Min.  Conch. 
Hamites*  gigas.    Quarry,  west  of  the  Pesthouse,  Sandgate.  S.    Also  Lympne.  H. 

// grandis  ?     From  Lympne.  H. 

// HilUii.    PI.  XV.  figs.  1.  and  ^.     Quarries  near  Hythe.  H.     Court-at-Street, 

near  Lympne.     This  species  is  named  from  Mr.  Hills,  whose  collection  has 

thrown  great  light  on  the  fossils  in  his  neighbourhood. 
// nodosus.    Near  Hythe.  H. 

*  The  character  and  relations  of  the  Hamites  are  still  so  obscure,  that  tlie  species  are  hoe 
given  with  considerable  doubt. 
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Isocardia  timiUs.    Prom  Sandgate.  F.  , 

Ldma  semisulcata.     P).  XI.  f.  10.      (Plagioiloma  temisukatum  of  Nil]aon;  Petri/. 

Suecaita.  Tab.  IX.  f.  3.  p.  35.)  In  the  Kentish  rag,  near  Court-at-Street ;  small 

specimens.  H.     Vicinity  of  Hythe.  Miss  A.  Smith. 
lAngtUa  otalis.    Lowest  green'Sand,  near  Sandgate.  S. 

JL i  truncata.    PI.  XIV.  f.  15.    Near  Hythe.  S. 

JLucina  ?    Near  Court-at-Street.  H. 

Ltttrariai     Lympne.  H. 

Madrepora,  Goldftiss,  (Pocillopora,  Lamarck).    Folkstone.  G«ol.  Soc. 

Modiola  idajbrmis.    Near  Court-at-Street.  H. 

JU atpera  ?     From  Hythe.  F. 

M lineaU.    PI.  XIV.  f.4.    Vicinity  of  Hjthe.  H.  and  P. 

M parallela.    Near  Maidstone.  Min.  Conch. 

M ?  Casts.    Near  Lympne.  H. 

Mjfa  plicaia.     (See  PanojuBa,) 

Nautilus  elegans.    Near  Hythe.  H.  and  F. 

N incBqualii.    Folkstone.  Min,  Conch. 

N simpler.     Very  much  compressed.    Probably  from  the  lower  part  of  the 

middle  green  beds,  near  Sandgate.  F. 
N plicatuB.  Near  Lympne.  H.  Some  specimens  S  inches  bigb,and  8  in  diameter. 

The  zigzag  markinge  on  the  outside  are  very  characteristic. 


N unibilatus,    Lympne.  H. 

Nucleolites  carinatus.     (Goldfuss,  Tab.  XLIII.  f.  11.)    Court-at-Street,  H. 
Nucula  mala.    Near  Lympne.  H.  and  F. 
Ostrea  carinata  ?    Near  Court-at-Street.  H. 

O macroptcra.    Folkstone.  F. 

O — -    (Species  doubtful.)    A  very  thick  shell.    From  the  upper  sand  beds,  near 

Sandgate,  S. 

O (Species  doubtful.)    Shell  thin.    In  the  upper  beds.  S. 

Panoptea  plicata.    In  the  green  middle  beds,  near  Ivy  Cottage,  Sandgate.  F.    In  a 

mass  of  deep-green  colour,  near  Court-at-Street.  H. 
PdRoptca?  rotundata.    PI.  XIII.  f.  3.    Near  Court-at-Street.  H. 
Pecten  obliquus.    Near  Court-at>Street.  H.    In  firm  greenish  rag :  quarries  above 

Hythe.  H.  and  F. 
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Pecten  orbicularis.    Liowest  group  of  stone  beds ;  near  Hythe.  F. 

P quinquecostatus.     Upper  sand,  between  Sandgate  and  Folkstone.  S.    Also  in 

the  lowest  group,  near  Court-at-Street.  H. 
Pectunculus  umbonaius.    Middle  green  beds,  Ivy  Cottage,  Sandgate.  F. 
Pentacrinus.    Stems  and  branches.    Between  Sandgate  and  Folkstone,  in  calcareous 

sandstone.  S.    Also  found  in  a  quarry  near  Lympne.  H. 
Pema  telragona.    Near  Lympne.    H. 
Pholadomya.    A  fragment.     Near  Court-at-Street.  H.      Perhaps  the  same  with 

specimens  found  near  Pulborough  by  Mr.  Martin. 
PholasU  giganteus.    PI.  XIV.  f.  1.    Near  Court-at-Street,  Lympne.  H.  and  G. 

P priscus.    Sandgate.    Middle  green  beds,  behind  Lord  Darnley's  house.  S. 

Pinna}  crassa.    New  species.    The  specimens  are  large,  but  indistinct.    Court-at- 
Street.  H. and  S. 
Plagiostoma  elongatum.    Lowest  beds,  near  Court-at-Street.   H. :  and  Folkstone. 

M.C. 
Plicatula peciinoides.    Near  Court-at-Street.  H. 
Pollicipes  radiatus.  PI.  XI.  f.  0.    Near  Lympne.  H. 
RosteUaria.   (Species  doubtful.)    Near  Court-at-Street.  H. 
Serpula  antiquata.    Near  Folkstone.  M.  C. 

S variabilis.    PL  XXI.  £  7.    Near  Court-at-Street,    in  hard  green  Kentish 

rag.  H. 
Siphonia.  (Parkinson.)     Stems.    Upper  beds  of  the  lower  green-sand;  in  ^spongy 

siliceous  concretions.    Valley  north  of  Sandgate.  S. 
Spatangus  retusus.  (Goldfuss,  Tab.  XLVI.  f.  2.).    Near  Sandgate.  S.  F. 
5  Three  other  species,  apparently  new,  but  indistinct.     Near  Court-at- 

Street.  H. 
Sphasra  corrugaia  i    Casts  in  the  lowest  part  of  the  middle  sand.    Quarry  near  Ivy 

Cottage,  Sandgate.  S.    Also  near  Court-at-Street.  H. 
Terebratula  biplicata.    Lowest  group  of  the  sands,  near  Court-at-Street.   H. 

T convexa.    PI.  XIV.  f.  12.    Near  Hythe.  H. 

T elegans.    PI.  XIV.  f.  1 1.    Near  Lympne.  H. 

T elongata.    Near  Court-at-Street.  H. 

T Faba.    PI.  XIV.  f.  10.    Between  Folkstone  and  Sandgate.  S. 

T Gibbsiana.    Near  Sandgate  and  Folkstone.  S. 

T latissima  ?    Near  Hythe,  and  Court-at-Street.  H. 

T oblonga.    Near  Hythe.   F. 

T oroalis.    Middle  stratum,  between  Sandgate  and  Folkstone ;  and  near  Ivy 

Cottage,  Sandgate,  S.  and  F. :  also  in  the  lowest  group,  Court-at-Street.  H. 
orvaia.    Quarry  above  Hythe  :  young  and  small.  S. 


T prslonga.  PI.  XIV.  f.  14.  Near  Ivy  Cottage,  Sandgate ;  and  shore  be- 
tween Sandgate  and  Folkstone.  S. 

T quadrata.     PI.  XIV.  f.  9.    Near  Hythe.  H.  and  S. 

T— Sella.  Near  Court-at-Street.  H.  :  and  quarries  near  Hythe ;  very  nu- 
merous, in  clusters.  F.    Also  at  Chart,  Kent.  Min.  Conch. 

T Tamarindus.    PI.  XIV.  f.  8.    Near  Hythe.  S. 
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Tertbratula.    Two  or  three  other  species,  probably  new.    Near  Hythe.  S. 

Thetis  major.  Lowest  beds  of  the  middle  group,  near  Ivy  Cottage,  Sandgate.  S.  and  F. 

Trigonia  alcdformis.     Near  Court-at-Street   H.     Ivy  Cottage,  Sandgate.    Middle 

beds  of  the  lower  green-sand.  F.    Also  near  Seabrook.  6. 

T ' —  clavellaia.    Seabrook.  S.    Also  about  Court-at-Street.  H. 

T elongata.  (var.  of  T.  costata.  Min.  Conch.)    An  imperfect  specimen.     Near 

Court-at-Street.   H. ;  and  Ashford,  Kent.  Mantell. 

T nodosa.    Near  Seabrook.  S. 

T  spinosa.    (Minch.  Conch.)     Near  Seabrook.  S.      Also  niear  Pulborough. 

Mr.  Martin. 

T spinosa  var.  PI.  XIII.  f.  3.  Shorn  Cliff,  near  Sandgate.  G.  and  F. 

T .    New,  but  indistinct.    A  cast.    Hythe.  H.    The  same  with  a  fossil  of 

Shanklin,  Isle  of  Wight.  So. 
Trochus.  Species  doubtful.  PI.  XIV.  f.  16.    Near  Court-at-Street.  H.     AlsoBough- 

ton-Mount  quarries,  near  Maidstone.   F. 
Venus  angulata.    (See  Cyprina.) 

V caperata  ?     (See  Cythercea.) 

V ovalis?  Lowest  beds  of  the   middle  group:   quarry  near  the  Ivy  Cottage, 

Sandgate.  S. 

V .  Cast  of  a  small  species.    Lowest  group  of  stone  :  quarries  above  Hythe.  H. 

Vermelus  polygonalis.    Near  Court-at-Street.   H.    Near  Sandgate,  and  Seabrook. 

Min.  Conch.    Also  from  Bonchurch,  and  Ventnor  Cove,  Isle  of  Wight :  but  in 

the  upper  green-sand,  or  in  gault.  F. 

Wood.  Coniferous,  silici6ed.   Near  Folkstone,  and  Wilsborough.    Rolled  fragments 
are  frequent,  at  the  junction  of  the  gault  with  the  top  of  the  sands. 

Interior  of  Kent. 

(37.)  I  have  dwelt  the  longer  on  the  description  of  the  coast  near  Folkstone^ 
on  account  of  the  distinctness  with  which  the  strata  are  disclosed  there^  and 
of  the  geological  celebrity  of  the  place ;  which  h^s  the  advantage^  also^  of 
being  easily  accessible  to  foreigners^  from  its  proximity  to  France.  The 
details  above  given  will  supersede  the  necessity  of  minute  description  in  many 
of  the  following  sections. 

The  strata  succeeding  the  chalk  offer  but  little  variety  between  the  coast 
and  the  vicinity  of  Godstone^  in  Surrey.  The  Upper  green-sand  is  throughout 
comparatively  obscure.  The  gault^  which  in  general  occupies  but  a  small  and 
narrow  valley  at  the  foot  of  the  chalk  escarpment^  is  extensively  unveiled  at 
the  entrance  of  the  river  gorges^  and  in  those  cases  its  surface  is  varied  by 
hills  and  other  inequalities.  The  Lower  green-sand  agrees  generally^  both  as 
to  structure  and  composition^  with  that  of  Folkstone^  but  the  proportion  of 
calcareous  matter  decreases  from  Maidstone  towards  the  west. 
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(38.)  Extensive  quarries  have  long  been  worked  in  the  lowest  part  of  the 
green-sand  at  Boughton^  on  the  south  of  Maidstone^  the  geological  relations 
of  which  are  the  same  as  at  Hythe.  The  stone  for  the  construction  of 
Westminster  Abbey  is  said  to  have  been  procured  there.  It  is  a  variety  of 
Kentish  rag^  like  the  Hythe  stone^  in  nearly  continuous  beds^  alternating  with 
a  soft  sandrock^  called  by  the  workmen  '^  hassock/'  and  passing  occasionally 
into  chert  *. 

At  the  top  of  these  quarries  irregular  fissures  or  cavities^  approaching  to  a 
conical  figure^  called ''vents "  by  the  workmen,  are  frequent.  These  are 
filled  with  loose  rubbly  stone  and  sandy  clay.  In  one  of  them  the  bones 
of  hyasnas  were  found,  in  1827,  by  the  late  Mr.  Braddick,  of  Boughton 
Mount,  under  circumstances  like  those  in  which  similar  remains  occur  in 
fissures  in  other  parts  of  England.  My  specimens  include  several  fragments 
of  the  long  bones  and  jaws,  with  the  canine  and  incisor  teeth,  some  of 
which  are  much  worn  down  by  use ;  and  these  are  accompanied  by  Album 
Gracum  f. 

Fragments  of  chalk-flints  are  found  upon  the  surface  near  Boughton, 
about  four  miles  and  a  half  from  the  outcrop  of  the  chalk :  a  fact  which  de- 
serves attention,  as  such  remains  of  the  superior  strata  have  been  supposed 
either  not  to  occur,  or  to  be  extremely  rare,  within  the  space  between  the 
North  and  South  Downs. 

(39.)  The  manner  in  which  the  rivers  make  their  way  to  the  sea,  by  an  ap- 
parently unnatural  course,  across  the  ridges  both  of  the  chalk  and  the  inferior 
strata,  is  one  of  the  most  interesting  points  in  the  general  structure  of 
Kent;  and  has  been  already  dwelt  upon  by  Mr.  ConybeareJ,  Mr.  Scrope§, 
and  Mr.  Martin  ||. 

(40.)  The  great  variation  in  width  of  the  space  occupied  by  the  strata  between 

*  This  better  stone  is  called  here  "Calkstone"  (Kalkstein  ?).  Foreign  workmen  were  often  em- 
ployed formerly  in  the  British  mines  and  stone  works ;  and  in  some  other  instances, — as  at  the 
mines  of  Lead  Hills  in  Scotland,  they  have  left  traces  of  their  native  languages  in  the  technical  terms. 

-f  Since  these  pages  have  been  at  the  press,  the  remains  of  an  animal,  which  Mr.  Mantell  himself 
has  ascertained  to  be  distinctly  an  Iguanodon,  hitherto  found  only  in  the  freshwater  beds  of  the 
Wealden,  have  been  discovered  by  Mr.  Brinstead,  at  Rockhall,  near  Maidstone,  in  a  stratum  of 
Kentish  rag,  abounding  in  the  usual  fossils  of  the  Lower  green-sand.  They  confirm  the  propriety 
of  referring  to  the  same  animal  the  great  bones  and  the  teeth,  previously  discovered  at  Tilgate 
and  other  places  in  Sussex.  See  Jameson's  Edinb.  Journal,  July  I83i.  (Vol.  XVII.  p.  200.) 
A  full  account  of  these  and  other  new  remains  of  this  extraordinary  reptile,  will  be  laid  before 
the  Royal  Society  by  Mr.  Mantell. 

J  "  Outlines,"  &c.,  pp.  xxvii.  and  145. 

§  "  On  Volcanos,"  p.  213. 

II  "  Memoir  on  Western  Sussex,"  pp.  12 — 57. 
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the  chalk  and  the  Weald  clay  is  another  very  prominent  feature  of  this  part 
of  the  country ;  and  though  it  arises^  in  part^  from  the  extensive  denudation 
at  the  entrance  of  the  gorges  where  the  principal  rivers  traverse  the  chalk 
ridge^  yet  even  if  these  were  filled  up^  and  the  range  of  the  downs  l)etween 
the  coast  and  Dorking  rendered  uniform^  the  space  occupied  by  the  lower 
strata  would  be  found  to  vary  considerably*.  The  chief  cause  of  this  irregu- 
larity is  the  difference  of  the  angles  at  which  the  strata  rise  in  different  places ; 
the  heights  also  which  the  sands  attain^  having  a  proportionate  variation. 

(41.)  In  the  upper  part  of  the  Lower  green-sand  between  Sevenoaks  and 
Godstone^  a  ridge  or  saddle  can  be  traced  for  several  roiles^  in  a  direction 
nearly  parallel  to  that  of  the  central  range  of  the  Hastings  sands^  its  course 
being  from  about  10^  south  of  west  to  10°  north  of  east.  The  places  where 
I  have  seen  the  structure  of  this  ridge  most  distinctly^  are  on  a  line  passing 
from  Montreal  Park^  through  Sundridge^  to  the  grounds  of  Brasted  Place^  in 
the  course  of  which  several  sections  have  been  exposed.  The  strata  consist  of 
yellowish  and  somewhat  ferruginous  sand^  and  *'  hassock^"  including  beds  of 
a  bluish  stone^  like  that  of  the  Boughton  quarries  and  the  vicinity  of  Folk- 
stone  :   the  fossils,  also^  are  the  same. 

The  ridge  just  mentioned  is  probably  continued  eastward;  but  my  obser- 
vations in  that  direction  did  not  extend  beyond  a  place  called  Cold  Harbourjm- 
mediately  on  the  west  of  Montreal  Park^  where  the  beds  rise  towards  the  souths 
at  an  angle  of  about  20°;  the  bend^  also^  or  summit  of  the  ridge  being  there  ex- 
posed^ on  the  verge  of  a  small  wood^  but  less  distinctly  than  at  Brasted  Place^ 
hereafter  mentioned.  Its  continuity^  however^  is  in  several  places  interrupted 
by  breaks  or  openings^  from  50  to  100  paces  in  widths  where  a  uniform 
surface  at  a  much  lower  level  is  continued  from  north  to  souths  across  the 
direction;  as  if  the  ridge  had  been  cut  away  in  those  places^  or  wide  trans- 
verse fissures  had  been  partially  filled  up  and  levelled  overf .  The  first  of  these 
breaks  is  about  sixty  paces  from  west  to  east^  and  the  summits  of  the  heights 

*  On  the  coast  line  the  distance  from  the  chalk  at  Folkstone  Hill  to  the  outcrop  of  the  lower 
green-sand  at  Aldington  Comer,  is  about  ten  miles ;  but  from  Lenham  to  the  outcrop  is  not  more 
than  two.  A  line  parallel  to  the  last,  from  Boxley,  passing  through  Maidstone,  is  rather  more 
than  six  miles  long ;  but  from  Wrotham  to  the  outcrop  is  less  than  four ;  at  Tandridge,  on  the 
east  of  Godstone,  less  than  one  and  a  half;  and  at  Reigate  little  more  than  one  mile.  On  the  west 
of  Reigate  the  lower  green-sand  again  runs  out  four  miles,  to  Leith  Hill,  which  is  993  feet  above 
the  sea.  These  details  could  not  be  expressed  on  the  small  map  annexed  to  this  paper :  for 
better  iUustration  the  reader  is  referred  to  Mr.  Greenough's  Geological  Map  of  England,  and 
to  the  Ordnance  Survey. 

f  A  remarkable  break  of  this  description  occurs  between  two  portions  of  wood  immediately  on 
die  north  of  the  letter  ''y,"  of  die  word  **Dry'hUV*  in  the  Ordnance  map. 
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which  it  separates  are  about  seventy  feet  above  their  base.  The  strata^  which 
form  the  southern  slope  of  the  ridge,  dip  southwards  at  an  angle  of  about 
45°,  and  the  apparent  distance  (or  chord  of  the  curve)  from  the  beginning  of 
the  risS  on  either  side  is  rather  more  than  a  furlong.  The  wood  near 
Cold  Harbour  is  full  of  old  quarries,  which  seem  to  have  been  dug  into  the  top 
of  the  saddle. 

(49.)  A  very  good  view  of  these  elevated  strata  is  disclosed  on  the  east  of  a 
lane  which  strikes  off  from  the  main  road  between  Bessell's  Green  and  Sun- 
dridge,  passing  Dry  Hill  Farm;  quarries  having  been  opened  there  in  two 
detached  points,  marked  A  and  B  in  the  subjoined  sketch.  It  is  difficult  to 
estimate  the  width  of  the  ridge  at  this  place  from  north  to  south,  its  termi- 
nations not  being  distinct,  at  either  extremity,  but  it  seems  to  be  about  1900 


At  the  more  northern  of  these  quarries.  A,  the  beds  are  distinctly,  but 
slightly,  curved ;  and  the  strike  is  not  parallel  to  the  general  course  of  the 
ridge,  but  runs  from  about  1 6°  east  of  north  to  16°  west  of  south;  forming,  with 
the  direction  of  the  ridge,  an  angle  of  about  64°.  At  the  second  quarry,  B  *, 
(of  which  a  sketch  on  a  larger  scale  is  given  below,)  both  sides  of  the  saddle 
are  visible  wiUiin  the  distance  of  a  few  paces,  the  beds  on  the  north  rising 
at  an  angle  of  about  60°,  while  on  the  south  they  decline  at  an  angle  of 
about  45". 


[n  the  southern  portion  of  this  section,  which  is  about  twenty-two  paces 
length,  and  twenty-five  feet  high,  I  counted  twenty-two  beds  of  concre- 
[lal  stone  aUernatin°:  with  sand,  and  varying  in  thickness  from  eighteen 


in  length, ___.j 

tional  stone  alternatin 
inches  to  nine. 

*  Thia  place  is  immediately  on  the  east  of  a  barn  on  the  Toad-side,  noTtfa  of  Dry  Hill  Farm, 
and  about  270  paces  distant  from  A,  on  a  line  bearing  about  36°  nest  of  south. 
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A  second  break  or  open  apace^  like  those  above  mentioned,  (p.  133.), 
occurs  immediately  on  the  west  of  Sundridge  Church,  which  stands  on  the 
northern  slope,  very  near  the  summit  of  the  ridge ;  and  a  third  break,  with  a 
flat  of  about  100  paces,  separates  the  continuation  of  that  height  from 
another,  occupied  by  a  small  wood  belonging  to  Brasted  Place,  and  called 
by  the  inhabitants  the  "New  World":  and  here  the  top  of  the  curve  is 
visible  in  several  places,  from  one  of  which  this  sketch  was  taken.  The 
cracks  in  the  principal  bed  here 
represented,  (which  is  about  nine-  ■ 
inches  thick,)  are  wide  and  irre-  ^£ 
gular ;  but  the  stone  has  every  ■ 
appearance  of  having  been  once 
continuous. 

The '  bending  of  the  strata  is  also  very  well  disclosed  in  the  grounds  of 
Brasted  Place  itself,  at  the  opposite  side  of  the  lane  by  which  they  are 
separated  from  the  little  wood  of  the  "New  World."  The  curve  is  there  less 
rapid  than  in  the  wood ;  and  the  thickest  bed  of  stone,  marked  A,  is  traversed 
by  cracks  from  a  quarter  to  half  an  inch  in  width,  the  separated  portions  being 
somewhat  displaced,  as  if  they  had  been  forced  out  of  continuity. 

Ntrlk. 


(43.)  A  continuation  of  the  ridge  above  described  may  be  traced  westward 
from  Brasted  Place,  for  about  four  miles;  and  on  the  roadside  ascending  to 
the  Chart  near  Moorbouse,  about  midway  between  Westerham  and  Lympsfield, 
beds  are  exposed,  which  dip  rapidly  to  the  north ;  obviously  forming  a  por- 
tion of  a  saddle,  like  that  of  Dry  Hill,  and,  to  all  appearance,  a  prolongation 
of  it* 

From  what  I  have  seen  in  other  parts  of  this  country,  I  have  little  doubt 
that  many  of  the  ridges  within  the  tract  occupied  by  the  lower  green-sand 
may  be  ascribed  to  similar  disturbances  of  the  strata.  A  slight  indication  of 
something  of  this  kind  near  Folkstone  has  been  already  referred  to  (39.).  On 
the  Ordnance  map  a  prominent  range  is  represented  as  running  nearly 
north-west  and  south-east,  from  the  village  of  Seal,  through  Seal  Chart,  to  the 

*  Marks  of  dUturbsnce  along  a  line  of  direction  diSezent  firom  that  described  in  the  text,  aie 
obserrablealsoabout  half  amile  south  ofDry  Hill,  near  the  Maooi  Farm  House ;  wherethebeds 
OD  one  side  of  the  laTine  dip  towards  a  point  about  S0°  loutb  of  eaat,  while  on  the  opposite  side 
they  are  inclined  to  the  weit  of  north. 
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heights  above  Stone  Street  on  the  south  of  Ightham  Common.  This^  if  not 
very  much  exaggerated^  is  probably  a  derangement  like  those  just  mentioned. 
The  greater  ridge  of  the  Hog's-back  itself^  on  the  west  of  Guildford  in 
Surrey^  of  which  the  direction  is  nearly  continuous  with  that  of  the  ridge  at 
Brasted^  may  be  also  connected  with  it;  since  the  line  of  the  Hog's-back^ 
if  prolonged  eastward,  would  pass  through  the  high  range  of  sand  hills 
between  Shalford  and  Martha's  Chapel^  and  thence  almost  directly  through 
Park  Hill^  Cockham  Hill,  and  Tilburstow  Hill^  which  last-mentioned  place 
is  the  seat  of  a  similar  disturbance.  The  distance  from  Tilburstow  to 
the  inclined  strata  at  Moorhouse^  is  not  much  more  than  four  miles,  and 
the  whole  course  of  this  elevated  line  is  almost  uniformly  from  east  to 
west;  the  line  from  Moorhouse  to  Montreal^  through  Sundridge,  deviating 
from  that  direction  only  a  few  degrees  to  the  north.  Mr.  Martin  has 
described  similar  cases  of  much  greater  prominence  and  interest  in  Western 
Sussex*. 

(44.)  The  abrupt  rise  of  the  beds  in  many  of  these  ridges^  and  the  speedy 
return  of  the  ground  to  its  general  inclination^  imply  the  action  of  a  force 
which^  if  direct^  must  have  been  very  near  the  surface^  and  too  much  circum- 
scribed to  be  reconcilable  either  with  the  effect  of  gaseous  expansion  or  the 
impulse  of  mineral  matter  in  a  state  of  fluidity.  The  space  between  the  north 
and  south  chalk  downs  seems^  in  fact,  to  have  been  elevated^  not  by  the  mere 
protrusion  of  one  central  ridge^  but  to  have  been  broken  up  in  several  different 
places^  so  that  large  portions  were  thrust  outwards,  or  bent  into  ridges,  by  a 
lateral  push^  as  when  a  cloth  is  wrinkled  on  a  table ;  a  mode  of  accounting 
for  the  formation  of  such  inequalities  of  the  surface^  which  seems  more 
probable  than  the  action  of  any  direct  violence  from  beneath  f. 

•  "  Memoir,  &c.,"  p.  76  et  seq. 

t  There  is  indeed  another  hypothesis,  which  would  account  for  the  formation  of  promi- 
nences of  small  extent,  by  forces  originating  at  very  great  depths.  If  we  suppose  a  series  of 
strata,  comparatively  soft  and  flexible,  to  be  deposited  over  a  tract  composed  of  older  rocks,  with 
hills  and  ridges  on  its  surface,  and  the  whole  to  be  then  thrust  outwards  by  a  force  beneath, 
the  protuberances  of  the  lower  mass  would  compress  and  bend  the  strata  above  them  into  forms 
corresponding  with  their  own;— just  as  in  bound  books  the  little  inequalities  of  the  cover,  or 
any  of  the  leaves,  are  impressed  on  the  adjacent  pages,  and  sometimes  propagated  through  a  large 
part  of  the  volume.  Nor  is  this  case  wholly  imaginary.  The  masses  of  granite  which  are  found,  in 
many  instances,  to  project  above  the  disturbed  strata  adjacent  to  them,  must  have  been  elevated 
after  they  had  cooled, — when  their  comparative  solidity  must  have  been  very  great : — and  among  the 
newer  formations,  the  interval  of  time  between  the  deposition  of  many  of  the  groups,  now  in  im- 
mediate contact,  (as  of  the  red  marl  and  the  oolites,  near  Bath, — the  mountain  limestone  and  green- 
sands  in  the  Lower  Boulonnois,)  must  have  been  more  than  sufficient  both  for  the  condensation 
of  the  lower  strata,  and  their  subsequent  erosion  into  prominences  and  valleys,  even  if  the  original 
surface  had  been  uniform. 
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SURREY. 


(45.)  Godstone. — The  upper  green-sand  assumes  a  new  character  near 
Grodstone ;  and  a  step-like  projection  at  the  foot  of  the  chalk  appears  there 
more  distinctly  than  in  the  country  to  the  east.  As  the  productions  of 
the  little  district  between  Godstone  and  Reigate  are  valuable  in  commerce^ 
and  its  structure  has  been  a  subject  of  some  doubt^  I  have  given  a  separate 
map  of  it,  in  Plate  VII.  fig.  2.*  The  section,  Plate  X.  a..  No.  2.,  on  the 
line  from  the  chalk  through  Godstone^  shows  the  position  of  the  firestone 
beds  in  the  upper  green-sand ;  with  the  site  of  a  remarkable  elevation  of 
the  strata  at  Tilburstow  Hill,  an  account  of  which  has  been  already  published 
by  Mr.  Mantellf :  and  No.  3.,  the  section  through  Merstham,  includes  the 
site  of  the  Puller's-earth  pits  of  Nutfield. 

(46.)  The  firestone  subordinate  to  the  upper  green-sand,  in  this  part  of 
Ihe  country,  was,  in  1827,  extracted  only  between  Godstone  and  the  west  of 
Reigate.  The  principal  pits  were  situated  on  the  west  of  the  London  road 
to  the  former  place.  The  stone  was  obtained  by  an  adit  between  five  and 
six  feet  in  height,  and  the  succession  of  the  beds  affording  it  was  thus : 


Section  of  one  of  the  Firestone  Pits  near  Godstone. 

1 .  "  Hard  roof"  This,  like  the  firestone  beneath,  is  a  unifonn  fine-grained  con- 
glomerate or  sandstone,  effervescing  strongly  with  acids,  and  easily  cut  into 
any  desired  form.  Throughout  the  stone  are  dispersed  numerous  minute  L 
scales  of  mica,  and  dark  particles,  scarcely  perceptible  without  a  lens.  It 
forms  a  roof  to  the  mines,  of  such  firmness  as  to  support  itself  to  a  width  of 
17  feet,  extending  indefinitely  inwards. 

"  Green  bed**  of  the  workmen.  (Firestone.)  Stone  of  the  same  nature  as  the  last,  ^ 
but  harder  and  somewhat  finer  in  grain,  easily  broken  down  into  sand,  effer- 
vescing.    The  beds  S.  8.  and  4.  though  separated  by  seams  of  stratifica- 
tion, are  of  nearly  uniform  character. 

5.  A  bed  of  bluish  grey  siliceous  concretions,  called  "flints"  by  the  workmen,  pass- 

ing into  stone  like  that  above  mentioned.  Fracture  flat-conchoidal.  Yielding 
with  great  difficulty  to  the  knife ;  but  effervescing  slightly.  The  greyer  stone 
near  these  concretions  is  much  harder  than  elsewhere.  The  siliceous 
matter  as  it  becomes  more  pure  acquires  greater  hardness,  with  a  splintery 
fracture  and  a  glimmering  lustre ;  and  the  micaceous  particles,  which  are 
numerous  in  the  sofler  varieties,  are  then  scarcely  apparent. 

6.  "  Green  feed;"— like  2.  3.  and  4.  J   ^ 


Feet       In. 
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*  In  the  small  maps  of  this  Plate  the  inequalities  of  the  surface  are  not  expressed :  but  the 
colours  can  easily  be  transferred  to  the  Ordnance  map.  t  "  Fossils  of  Tilgate,'*  tSf c,  p.  22, 

^  The  more  uniform  and  softer  rock  of  these  pits  is  used,  principaUy,  for  lining  fire-places 
irOL.  IV. SECOND  SERIES.  T 
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7.  Bottom  of  the  quarry.    Stone  unfit  for  norking,  Grom  its  coDtainbg  much  flinty 

matter. 
All  these  strata  dip  at  a  very  nnall  angle  to  about  20°  west  of  south.     The  rock  is  travened 
by  fissures,  which  divide  it  into  somenhat  rhomboidal  masses ;  and  smaller  cracks  are 
s  found  within  the  blocks  of  stone. 


(47.)  The  gault  hereabouts  occupies  a  tract  which  bears  the  nameof'Black- 
land,"  and  forms  a  slight  depression  below  the  band  which  affords  the  firestone. 

(48.)  The  lower  green-sand  has  distinct  indications  of  a  subdivision  into 
three,  like  that  of  the  vicinity  of  Folkstone  (16.).  On  the  line  of  section, 
No.  2,  Plates  VII.  and  X.  ponds  are  frequent,  in  a  situation  corresponding 
to  that  of  the  greener  middle  group  (S4.) ;  the  suriace  being  comparatively 
low,  with  vegetation  of  a  somewhat  different  character.  The  stony  beds  of 
the  lowest  group  then  rise  to  form  the  escarpment  of  Tilburstow  Hill*,  which 
is  nearly  on  a  level  with  the  chalk  downs ;  and  at  the  highest  point,  there  is 
decisive  evidence  either  of  a  sinking  towards  (he  chalk,  or  of  elevation  in  an 
opposite  direction ;  for  at  the  top  of  the  hill,  the  beds,  which  on  the  north  of 
that  place  rise  uniformly  at  an  angle  of  not  more  than  10*^,  are  suddenly 
thrown  up  to  about  45°.  The  appearance  of  the  section  here  is  represented 
in  the  sketch  subjoined : 


and  furnaces,  but  is  employed  also  for  buildings  under  water.  Great  care  is  necessary,  in  build- 
ing, to  place  the  blocks  so  that  the  planes  of  stratification  shall  be  horizontal.  The  equivalent  of 
these  beds  in  the  upper  green-sand  of  the  continent,  (the  Planer  kalhleia  of  the  Gcrroans,)  is 
employed  for  exacdy  the  same  purposes,  at  Aix-la-Chapelle  and  other  places. 

*  This  is  the  spelling  of  the  Ordnance  map '.  the  word  in  the  country  is  pronounced  "  Titbutler," 
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Inclined  Strata,  near  the  bottom  of  the  Lower  Green-sand,  TUhurstaw  Hill. 

FeeL    In. 

Soil  and  loam  (marked  a  a  in  the  cut). 

1.  Soft  nearly  uniform  sand ;  when  dry  of  a  bright  buff  colour / 

This  has  the  appearance  of  having  slid  or  subsided  upon  the  next  bed  below. 
Immediately  above  2.  the  sand  is  green. 

S.  Fuller's-earth;  very  like  that  in  the  upper  part  of  the  pits  at  Nutfield,  hereafler 
mentioned,  and  also  like  that  which  occurs  in  the  lower  green-sand  at  Brill  in 
Buckinghamshire.  This  clay  becomes  soft  and  is  diffused  in  water,  but  does 
not  break  down  with  the  rapidity  of  common  Fuller's-earth.  The  bed  varies  in 
thickness  from  6  inches  to  12:  the  masses  of  which  it  is  composed  have 
smooth  surfaces  and  a  saponaceous  feel,  with  the  aspect  s^d  lustre  of  bee's 
wax,  probably  produced  by  compression  and  motion  on  each  other 

3.  A  bed  consisting  of  chert  and  soft  sandrock  ("  Hassock "),  intimately  mixed 

and  passing  into  each  other ;  about      , 

This  and  the  beds  4.  5.  and  6.  end  abruptly  above,  as  represented  in  the 
sketch. 

4.  A  course  composed  of  almost  continuous  bands  of  brownish  grey  chert,  from  3  - 

to  6  inches  thick,  alternating  with,  and  passing  into,  soft  sandrock.  This  chert 
is  like  that  on  the  northern  surface  of  the  hill,  where  it  is  much  used  for  re- 
pairing the  roads.  By  exposure  it  becomes  divisible  into  slaty  portions,  ap- 
proaching to  a  rhomboidal  figure 

5.  Soft  sandrock  ("  Hassock"),  including  green  particles :  the  hue  is  various  where  1     about 

exposed.    In  some  places  tinged  with  oxide  of  iron    J     ^       ^ 

6.  Sand ;  green  while  it  is  moist,  but  when  dry  and  exposed  nearly  white,  containing  -^ 

layers  which  consist  of  stem-like  or  vermicular  portions  of  white,  translucent, 
quartzose  sand,  surrounded  by  sand  of  a  green  colour.  This  contrast  of 
colour  becomes  indistinct  in  dry  specimens^  but  is  very  conspicuous  when 
they  are  moistened.  The  white  vermicular  portions  have  a  border  of  darker 
green  than  the  rest :  they  are  generally  about  ^th  of  an  inch  in  diameter, 
gomewhat  curved,  and  in  some  cases  have  short  lateral  branches  with  round 
extremities.  This  remarkable  structure  is  very  characteristic  of  several  parts 
of  the  lower  green-sand,  and  is  probably  connected  with  the  former  presence 
of  organized  bodies  .^ 

7.  Coarse  yellowish  sandrock i 

8.  Here  ferruginous  matter  is  more  abundant,  and  the  sand  is  concreted  irregularly  I    \5 

into  nodular  masses  nearly  continuous.  7  and  8  together  are  about  15  feet  thick.  J 
.  9.  Ferruginous  bands,  like  8 :  a  conglomerate  of  quartz  grains,  cemented  by  oxide 
of  iron,  with  adhering  sand,  which  in  some  places  is  white,  and  looks  like 

mortar,  but  does  not  effervesce    

1 0.  Sand,  with  dark  particles,  and  irregular  tortuous  seams  of  a  ferruginous  com- 
pound, like  the  carstone  of  Norfolk,  consisting  of  fine  rounded  grains  of 
quartz,  cemented  by  hard,  dark  reddish  brown,  oxide  of  iron.  This  passes 
at  the  bottom  into  a  less  ferruginous  sand,  which  is  apparently  continued  down 
to  the  Weald  clay.     9  and  10  together  are  about  15  feet  thick 
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Total  thickness.  •  •  .about  60  feet. 
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Feet    Id.     Feet.      In. 


(49.)  Merstham. — The  aspect  of  the  amphitheatre  formed  by  the  outcrop 
of  the  chalk  and  upper  green-sand  around  this  village  is  very  characteristic : 
a  prominent  ridge  of  the  latter  stratum^  passing  from  Blackditches  to  the 
south  of  Gatton^  in  a  nearly  circular  curve^  above  which  the  chalk  downs  rise^ 
with  a  similar  curvature  (see  Plates  VII.  fig.  2.,  and  X.  a.  No.  3.).  Merst- 
ham occupies  nearly  the  middle  of  the  line  which  has  been  worked  upon  for 
firestone ;  the  extreme  points  to  which  the  quarries  have  extended  of  late  years 
being  near  Godstone  on  the  east^  and  Buckland  Green  on  the  west.  The 
village  stands  on  the  confines  of  the  upper  green-sand  and  the  gault*^  a 
little  to  the  south  of  an  opening  or  gorge  in  the  chalky  through  which  runs 
one  of  the  principal  roads  from  London  to  Brighton.  The  beds  dip  at  a 
very  small  angle^  towards  the  north ;  and  those  which  include  the  firestone 
are  visible  to  a  thickness  of  about  thirty  feet^  projecting  like  a  step  beyond 
the  foot  of  the  chalk  escarpment.  The  works  had  been  discontinued  for  some 
time  before  I  visited  the  place;  but  the  following  list  of  the  strata  was  given 
to  me  by  the  person  who  had  superintended  them  f . 

Ldst  of  Beds  at  Merstham,  Surrey. 

[Lower  beds  of  the  Chalk.'] 

1.  "  Chalk:'  

2.  "  Limestone."     Grey  marly  chalk ;  about 

3.  "  Burry  chalk :"  the  "  Craie  Tiifau'-'  of  the  Frehch.     This  will  not  bum 

to  lime,  but  goes  to  dust  in  the  kilns 

[Upper  Greeti'-sandJ] 

4.  ^'  Quarry  stone ; "  (Firestone)  subdivided  thus : 

a.  "  Roof"  (sand  2  feet,  soft  stone  2  feet)  ?     Total,  about   4 

This  stratum  is  of  great  firmness  and  stability :  the  roof  sup- 
porting itself  perfectly  in  the  drifts  worked  into  the  hill,  which  are 
30  feet  wide. 

b.  "-Fire#<one;"including**^mt*"(chert),about2feetfromthetop:about  5 

c.  "  Good  hard  building-stone"   2 

d.  "  Burry  stone ; "  about    16 

[Gault.} 

5.  **Mari:*    Gault:  the  apparent  thickness  of  which,  in  this  part  of  the 

country,  agrees  with  that  on  the  coast about 

All  the  beds  become  thinner  towards  the  outcrop. 

*  A  well  at  the  Feathers-Inn  is  150  feet  in  depth,  with  a  boring  of  GO  feet  at  the  bottom  (in  the 
whole  210  feet),  all  in  "clay"  and  "marl."  The  boring,  2^  inches  in  diameter,  after  going  down  to 
60  feet,  brought  up  such  a  quantity  of  water,  that  the  well-sinker  was  drawn  up  in  great  haste, 
and  the  water  rose  to  within  40  or  50  feet  of  the  surface.  Much  sand,  which  had  come  up  through 
the  bore,  was  afterwards  found  in  the  bottom  of  the  well. 

f  A  more  full  account  of  the  Firestone  pits  here,  has  been  published  by  Mr.  Webster,  Geol. 
Trans.,  First  Series,  vol.  v.  p.  355, 
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(50.)  The  rise  of  the  Lower  green-sand  is  here  very  well  defined ;  and 
the  soil  over  the  upper  ferruginous  beds  of  the  formation  is  called  ''  hazel- 
mould/'  in  distinction  from  the  '^black-land''  upon  the  gault.  Immediately 
on  the  south  of  the  ridge  formed  by  this  first  member  of  the  sands^  a  slight 
valley  or  depression^  with  a  moist  and  more  fertile  surface^  is  occupied  by 
cohesive  sand  of  a  dark  greenish  hue  and  softer  texture^  which  corresponds  to 
the  middle  group  of  Folkstone^  above  described^  (16.)  and  (24.).  The  re- 
tentive quality  of  this  latter  stratum^  which  gives  a  somewhat  marshy  cha* 
racter  to  the  tract  in  which  it  occurs^  and  the  approach  of  its  hue  and  texture 
to  those  of  clay^  have  deceived  even  experienced  geologists^  and  given  rise  to 
some  mistakes  respecting  the  lower  strata  of  this  neighbourhood.  The  sec- 
tion No.  3^  I  believe^  expresses  their  true  order  and  relations. 

(51.)  FullerVearth  has  been  dug  in  this  part  of  Surrey^  beyond  the  memory 
of  the  oldest  inhabitant.  At  present  the  extraction  is  confined  to  the  neigh- 
bourhood of  Nutfield.  The  beds  come  up  near  the  top  of  the  lowest 
member  of  the  green-sand^  and  occupy  a  line  on  the  north  side  of  a 
ridge,  which  extends  from  the  east  of  Nutfield  nearly  to  Redstone  Hill^ 
on  the  west  of  Copyhold  Farm.  About  two  miles  west  of  Nutfield^  nearly 
upon  the  ridge^  was  a  pit^  by  which  the  earth  was  extracted  from  a  stratum 
six  to  seven  feet  thick ;  and  at  Colmonger's  Farm  another^  of  which  the 
section  was  thus : 

Fuller' s-Earth  Pit,  near  Nutfield. 

Feet.     In. 

1.  Greenish  sand,  occupying  irregular  cavities  on  the  top  of  the  clay,  2 , 

2.  Very  tough   clay  (impure  FuUer's-earth)  with  the  aspect  of  steatite.     [See 

No.  2.  of  the  Section  at  Tilburstow  Hill,  p.  139.] 

3.  Sandrock,  abounding  in  green  particles ;  about 

4.  A  range  of  sandy  nodules,  of  firmer  consistence  than  3 

5.  Thin  courses  of  bad  FuUer's-earth 

6.  Continuous  sandstone,  forming  the  roof  of  the  "earth-pits,"  and  sustaining  itself 

without  support  to  a  width  of  11  yards 

7.  Ochreous  clay 

8.  Fuller' s-earth,  of  an  uniform  bluish  colour* 

In  this  stratum,  about  3  or  4  feet  from  the  top,  detached  nodules  are  found, 
(firom  six  inches  to  nine  in  diameter,)  of  sulphate  of  barytes,  crystallized  in  >   16      0 
oblique  four-sided  prisms,  truncated  at  the  edges  and  bevelled  at  the  extre- 
mities, semi-transparent,  and  of  a  wine-yellow  colour 

9.  White  sand. 

The  thickness  of  sand  beneath, — between  this  stratum  and  the  Weald  clay,  I  did  not  ascertain. 

The  dip  of  the  strata  above  detailed  is  about  one  in  fiAeen :  (the  angle, ,  therefore,  between  5^ 
and  4°,)  towards  a  point  about  40^  west  of  north. 

*  This  was  sold  at  the  pits  (September  1828)  at  5s.  per  ton.     The  yellowish  earth  of  another 
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(52.)  Reigate. — ^The  map  and  sections,  Plate  VII.  fig.  2.  and  X  a.,  Nos.  2. 
and  3.,  sufficiently  indicate  the  general  relations  of  the  beds  here^  which  have 
been  already  the  subject  of  a  paper  in  the  Geological  Transactions  by  Mr. 
Webster* ;  where  a  sketch  is  given  of  the  history  of  the  remarkable  ancient 
quarries  at  this  place.  The  firestone  forms  a  terrace  beyond  the  chalky  nearly 
level  with  the  top  of  the  remotest  sand-ridge ;  and  the  gault  runs  out  from 
the  base  of  the  terrace^  at  first  horizontally,  and  then  rises  towards  the 
tunnel,  by  which  the  road  is  conducted  through  the  first  ridge  of  the  Lower 
green-sand  f,  here  composed  of  cream-coloured  and  yellowish  sandrock. 
From  the  town  of  Reigate  the  strata  rise  again  towards  Cockham  Hill :  so 
that  there  are  here  two  ridges ;  first,  that  through  which  the  tunnel  is  cut^  and 
secondly,  the  southern  ridge,  formed  of  the  lowest  sand  beds, — with  what  ap- 
pears to  be  the  middle,  greener  sand  between.  At  Earlswood  Common,  about 
a  mile  to  the  east  of  the  outcrop,  the  clay  of  the  Wealds  is  found.  The  sud- 
den fall  from  the  chalk  to  the  valley  of  Reigate  and  the  abrupt  rise  thence 
to  the  outermost  ridge  of  Red  Hill,  &c.,  is  exceedingly  striking.  At  Reigate 
Heath,  on  the  west  of  the  town,  the  vale  which  seems  to  be  occupied  by 
the  middle  sands  is  rushy  and  moist,  bearing  pools  upon  its  surface :  but  the 
fall  of  the  ground  still  farther  west^  where  the  continuation  of  the  outer  ridge 
of  sands  might  be  expected,  is  also  a  remarkable  feature. 

(53.)  In  proceeding  westward,  the  rise  of  the  sands  at  Buckland  is  like- 
wise very  rapid.  Thence  to  Holmwood  Common,  on  the  south-west,  no  ob- 
servations have  been  made,  but  the  boundary  between  the  green-sands  and 
the  Weald  is  less  obviously  marked ;  and  there  is  a  strong  contrast  between 
this  space  and  the  prominent  ridges  of  Leith  Hill;  the  lower  tract,  it  will  be 
observed,  being  that  in  which  the  streams  converge  to  join  the  Mole  before 
its  passage  through  the  gorge  at  Dorking. 

(54.)  It  will  be  seen,  even  from  the  map  (Plate  IX.)^  that  the  outcrop  of 
the  Lower  green-sand,  from  Reigate  to  the  head  of  the\alley  of  the  Wealds, 
is  not  continuous;  two,  if  not  three,  distinct  tracts  of  this  formation,  bounded 

pit  was  more  in  request ;  the  price,  however,  the  same.  It  is  necessary  for  the  purposes  of  the 
woollen  manufacturer,  that  the  Fuller's-earth  should  be  free  from  any  admixture  of  ochre  or  sand, 
which  are  found  to  cut  the  cloth. 

*  First  Series,  vol.  v.  p.  353,  &c. 

t  The  relations  of  a  stratum  of  dark  greenish  sandy  clay,  about  seven  feet  thick,  immediately 
above  the  tunnel  at  Reigate,  are  at  first  sight  doubtful.  It  might  be  taken  for  an  advanced  portion, 
of  the  gault ;  but  is,  more  probably,  a  subordinate  bed  within  the  first  division  of  the  Lower 
green-sand  ; — a  detached  portion,  as  it  were,  of  the  middle  greener  beds,  which  it  resembles  io 
mineral  character.  A  similar  bed  occurs,  in  a  corresponding  situation  at  Pulborough,  which  Mr. 
Martin,  with  whom  I  examined  it,  has  since  ascertained  to  belong  to  the  place  here  mentioned. 
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on  the  south  by  almost  rectilinear  escarpments^  projecting  successively  be- 
yond the  narrow  and  comparatively  regular  line  of  the  previous  outcrop^ 
on  the  east*.  The  breaks  between  these  steps  coincide  with  the  gorges  of 
the  Mole  and  the  Wey ;  a  fact  in  favour  of  the  hypothesis  which  ascribes  the 
formation  of  these  gorges  to  transverse  fissures.  1 . — The  first  of  these  tracts 
of  sand  lies  between  Leith  Hill  and  the  opening  cut  across  the  sands  towards 
Guildford,  by  the  south-eastern  branch  of  the  Weyf,  in  which  the  Surrey 
and  Sussex  canal  has  been  dug.  Its  southern  verge  extends  from  Leith  Hill, 
through  Holdenbury  Hill^  to  Bearland  and  Stroud-Green^  with  a  mean 
breadth  from  the  chalk  of  about  3^  miles.  2. — The  next  step  projects  about 
3  miles  further  souths  with  an  average  breadth  of  about  6  miles ;  and  its 
escarpment  is  nearly  parallel  to  the  Hog's-back  throughout  the  greater  part 
of  its  lengthy  from  the  Telegraph  Hill^  south  of  Hascombe^  to  Emily  Farm^ 
a  little  east  of  the  centre  of  a  line  from  Hindhead  toThursIey.  The  anticlinal 
line^  hereafter  mentioned^  along  the  top  of  Grayshot  Down^  may  perhaps  be 
the  continuation  of  a  ridge^  or  saddle^  of  which  the  beds  rising  towards 
Hascombe  are  the  remaining  northern  portion^  the  southern  slope  having 
been  carried  away  by  denudation^.  3. — The  sands  on  the  north  of  the  valley 
between  Ludgershall  and  Harting-combe^  may  possibly  be  considered  as  a 
third  step  in  these  parallel  outcrops^  though  much  less  regular  than  the  two 
just  mentioned:  the  lofty  summit  of  Blackdown^  at  its  eastern  extremity, 
is  standing  out  like  a  promontory,  about  two  miles  beyond  the  other  parts  of 
the  escarpment  on  the  south  of  Hindhead.  It  is  impossible  not  to  connect 
these  appearances  with  the  general  action  of  the  force  by  which  the  whole  of 
this  country  has  been  upheaved;  all  the  features  coinciding  with  the  hypo- 
thesis of  its  elevation  on  a  line  or  lines  parallel  to  the  axis  of  the  forest 
ridge. 

(55.)  Dorking  to  Leith  Hill,  5fc. — The  tract  between  Leith  Hill  and 
Guildford  affords  nothing  particularly  deserving  of  notice,  except  the  great 
height  (993  feet)  to  which  the  outcrop  of  the  lower  green-sand  rises,  at  the 
point  on  which  the  tower  is  placed.    The  space  included  between  the  escarp- 

*  To  understand  the  structure  of  this  country,  the  reader  ought  to  have  before  him  a  map  on  a 
much  larger  scale  than  that  in  Plate  IX.,  as  Mr.  Greenough*s  Map  of  England;— or  the  eighth 
sheet  of  the  Ordnance  Survey, — which,  however,  is  by  no  means  equal,  in  correct  representation 
of  the  surface,  to  the  more  recent  portions  of  that  work. 

f  This  stream  has  no  name  in  the  Ordnance  map. 

^  Another  anticlinal  line,  but  in  a  direction  oblique  to  that  here  mentioned,  is  indicated  by  the 
line  of  heights  which  runs  from  Milford,  through  Godalming,  and  thence  by  Unsted  and  Sum- 
^nersbnry  to  Western  Street,  near  Albury ;  the  strata  on  the  south-east  of  this  line,  near  Godal- 
Yning,  dipping  at  a  small  angle  to  the  south-east,  obliquely  from  the  range  of  the  Chalk  Downs. 
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ment  and  the  downs  from  Dorking  to  Guildford  is  of  nearly  uniform  character : 
but  in  approaching  the  latter  place,  the  Lower  green-sand  rises  with  such 
rapidity,  that  Martha's  Chapel  equals  or  out-tups  the  chalk,  though  less 
than  a  mile  distant  from  it  horizontally.  Slighter  indications,  also,  of  dis- 
turbance are  evident  throughout  this  tract.  The  lower  marly  chalk  at 
Deerleap  above  Wotton  is  divided  by  smooth  surfoces,  produced  by  the 
sliding  of  large  masses  upon  each  other:  and  where  the  road  rises  from  the 
mill  towards  Abinger  Church,  at  a  point  which  corresponds  with  a  con- 
tinuation of  the  ridge  above  mentioned,  near  Brastead  and  Sundridge,  the 
beds  are  curved,  so  as  clearly  to  indicate  derangement. 

(56.)  The  road  west  of  Dorking,  between  Westgate  Heath  and  the  Rookery, 
is  cut  through  the  6rst  beds  of  the  Lower  green-sand,  the  top  of  which  is 
eroded  into  irregular  cavities,  resembling  those  which  are  found,  through. 
out  the  south-east  of  England,  on  the  surface  of  the  chalk ;  and,  like  tbem, 
filled  with  reddish  loam  and  fragments  of  chalk  flints.  Tbia*  being  one  of 
many  indications,  on  the  margin  of  the  great  Wealden  valley,  that  the  agents, 
whatever  they  were,  by  which  the  chalk  was  excavated,  acted  in  the  same 
manner  on  the  beds  beneath  it,  and  filled  up  the  cavities  with  similar  mate- 
rials, at  least  as  far  down  as  the  Lower  green-sand. 

iMjLj,M....,.ii^\k>.:i^^ su,M 
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The  lower  strata  of  the  quarries  near  Cold  Harbour,  immediately  under 
the  tower  at  Leith  Hill,  are  almost  identical  with  those  of  Tilburslow, 
(p.  139);  consisting  of  very  green  sand  and  soft  sandrock,  which  alternate 
with  chert,  and  include  green  matter,  with  white.  Vermicular  or  stem-like 
bodies,  as  at  that  place. 

(57.)  Guildford,  Godalming,  Farnham,  Hindhead. — The  tract  on  the  soutli 
and  west  of  Guildford,  and  thence  to  Hindhead,  forms  one  of  the  most  ex- 
tensive surfaces  of  the  Lower  green-sand  to  be  found  in  England ;  and  the 
section  from  the  heights  on  the  north-west  of  Farnham  to  the  Weald,  (Plate 
X  a..  No.  4.)  includes  a  succession  of  strata,  from  the  Bagshot  sands,  one  of 
the  highest  members  of  the  English  series,  down  to  the  Weald  clay. 
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The  quarries  on  the  roadside  between  Guildford  and  Shalford^  disclose  a 
good  section  of  the  chalky  with  numerous  flints^  dipping  at  an  angle  of  about 
5°  or  6*^,  a  little  to  the  west  of  north  ;  and  on  the  opposite  side  of  the  Wey, 
beneath  St.  Catherine's  Hill^  the  relative  position  of  the  lower  strata  is  very 
well  displayed. 

(58.)  The  Hog'8-back. — The  remarkable  ridge  called  the  "  Hog's-back/' 
which  runs  from  Guildford  to  a  point  about  two  miles  from  Famham^  has 
been  produced  evidently  by  an  upthrow  of  the  chalk,  and  the  breaking 
off  of  the  southern  portion  of  the  curve.  The  inclined  position  of  the 
remaining  side  of  the  flexure  is  very  well  seen  at  the  western  extremity  of  a 
large  chalk-pit  between  Guildford  and  Puttenham^  where  the  strata  dip 
towards  the  norths  at  an  angle  of  about  30^  The  upper  beds  are  very 
white^  with  courses  of  the  usual  dark  flint  nodules  ;  and  a  remarkable 
feature  in  this  quarry,  is  the  distinctness  with  which  the  chalk  is  divided 
into  masses  approaching  to  a  rhomboidal  figure,  by  seams  oblique  to  the 
stratification  ;  the  angles  of  the  portions  thus  bounded,  standing  out  in 
the  face  of  the  clifl*,  like  splinters  in  the  shattered  fracture  of  a  crystal. 

The  Upper  green -sand  forms  a  slight  projection  along  the  foot  of  the  Hog's-back ;  the  Gault, 
a  corresponding  narrow  depression  along  its  whole  length ;  and  the  Lower  green-sand  rises  so 
rapidly  beneath,  that  one  or  many  inflections  are  necessary  to  account  for  its  wide  extent  to  the 
south.  In  approaching  Farnham,  the  gault,  near  its  contact  with  the  sands,  abounds  in  nodules 
containing  a  large  proportion  of  phosphate  of  lime  ;  resembling  those  of  the  vicinity  of  Folk- 
stone  (13.).  The  upper  beds  of  the  Lower  green-sand  rise,  Hke  the  chalk,  at  a  very  high  angle, 
and  must  have  been  bent  suddenly  in  an  opposite  direction,  since  they  are  now  continued,  with  a 
moderate  inclination,  several  miles  to  the  south.  Along  the  north  of  Puttenham  Common,  the 
sand  is  reddish,  and  very  like  that  of  Red-cliff  at  Sandown  Bay,  in  the  Isle  of  Wight.  A  nearly 
continuous  surface  of  the  sands  extends  towards  the  south  from  Compton  to  Hurtmore,  and 
North  Brook  Place,  and  is  resumed  on  the  south  of  the  river,  through  Westbrook  and  Upper 
Eashing.  It  is  again  cut  through  by  the  stream,  which  the  London  road  accompanies,  on  the 
south-west  of  Godalming ;  but  recurs,  in  the  heights  south-east  of  the  town,  from  Holloway-hill 
and  Crown  Pit  to  Munstead  Heath,  which  seems  to  be  nearly  on  a  level  with  the  top  of  the 
Hog's-back.  On  the  west,  the  upper  beds  of  sand  form  several  prominences,  among  which 
Crooksbury-hOl  is  the  most  conspicuous  ;  their  elevation  having  probably  been  the  effect  of  pro- 
trusion. On  the  south-west  of  Crooksbury,  the  upper  sands  seem  to  expand,  and  to  occupy  a 
stDl  wider  horizontal  space  in  that  part  of  the  denudation  which  corresponds  to  the  less  inclined 
beds  about  Farnham. 

(59.)  The  general  thickness  of  Lower  green-sand  here  seems  to  be  nearly 
the  same  with  that  of  the  coast,  and  may  be  taken  as  between  350  and  400 
feet ;  though,  from  its  superficial  extent,  a  much  greater  thickness  might 
be  ascribed  to  it,  if  the  disturbance  and  inflexion  which  it  has  undergone 
were  not  kept  in  view.    There  can  be  no  doubt,  both  from  the  features  of  the 
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surface^  and  the  hue  and  texture  of  the  strata^  that  the  subdivision  into  three^ 
which  is  conspicuous  near  Folkstone^  and  not  much  less  distinct  in  Western 
Sussex^  exists  also  in  this  tract.  But  the  precise  boundaries  of  these  groups 
are  by  no  means  obvious^  for  there  are  not  hereabouts  those  characteristic 
beds  of  stone^  which  are  found  near  the  coast ;  their  place  being  supplied^ 
in  the  uppermost  group^  by  concretions  of  a  coarse  conglomerate^  which 
in  the  country  bears  the  name  of  "  Bargate  Stone  *;"  and,  in  the  lowest 
group,  by  chert  and  indurated  sandrock^  like  those  of  Leith  and  Tilburstow 
hills.  This  comparative  scarcity  of  calcareous  matter  is  one  of  the  principal 
difterenpes  between  the  eastern  and  western  tracts  of  this  formation. 

The  more  ferruginous  concretions,  (the  "  carstone  "  of  Norfolk,)  which  are  very  abundant  in  the 
upper  part  of  the  Lower  green-sand  of  this  neighbourhood,  are  oflen  so  compact  as  to  ring  under 
the  hammer,  and  are  Uience  called  **  clinkers  "  by  the  quarrymen ;  sometimes  forming  plates  or 
flakes,  a  quarter  of  an  inch  and  upwards  in  thickness,  and  curved  so  as  to  resemble  portions  of 
concentric  layers  of  petrified  trees.  This  stone  furnishes  an  excellent  material  for  the  roads,  and 
gives  a  remarkable  reddish  hue  to  some  of  those  which  are  macadamised  in  this  country.  Frag- 
ments of  brown  hematite  also,  like  those  of  the  Red-cliff  near  Culver  in  the  Isle  of  Wight,  are 
found  at  many  places  in  this  vicinity ;  as  at  Thursley,  &c. 

(60.)  Godalming. — The  heights  about  Godalming  afford  excellent  sections^ 
which  may  with  some  probability  be  assigned  to  the  lowest  part  of  the 
Green-sand  formation.    The  order  in  general  was  thus  : — 


Holloway-HiU,  Godalming. 


Feet    Id. 


about 
15     0 


1.  Green  and  variegated  sand,  abounding  in  large  concretions  of  chert,  and  of  cal- 
careous conglomerate,  {**  Bargate-stone ; ")  which  is  hard  and  sparry,  and  in 
some  places  passes  into  chert.  It  contains  traces  of  shells  and  of  alcyonic 
stems.    False  stratification  is  here  remarkable ;  the  concretions  also  following 

the  oblique  or  false  lines 

Some  of  the  larger  masses  of  this  rock  are  precisely  like  the  concretions 
on  the  shore  q^ar  Folkstone  (20.) ; — a  very  compact  sparry  variety  of 
''  Kentish^rag."  In  the  upper  sands  of  Polstead,  near  Puttenham,  irregular 
concretions  of  this  compound  occur,  imbedded  in  soft  sandrock,  and  contain- 
ing carbonate  of  lime  in  rhombs. 

£•  Sand,  of  the  same  kind,  without  concretions ;  but  including  thin  beds  of  a  tough  I     about 

clay,  like  Fuller's-earth.f J    25     0 

The  dip  here  is  towards  the  south  of  east,  and  all  the  summits  are  fiat  and 
um'form. 

*  The  origin  of  this  term  is  somewhat  doubtful.  A  place  called  "  Burgh-gate,"  from  whence 
it  may  have  been  derived,  occurs  in  the  Ordnance  Map,  on  the  south  of  the  escarpment  be- 
tween Hambleton  and  Hascombe. 

t  The  Fuller's-earth  would  refer  these  strata  to  the  lowest  division  of  the  sands.  Thin 
beds  of  that  mineral,  however,  are  found  throughout  this  formation. 
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Among  the  looser  sandy  materials  of  HoUoway-hill  are  spongy  concretions^  which  show,  when 
moist,  the  same  vermicular  structure  as  at  Tilburstow-hill. 

Blackheath,  south-east  of  Guildford,  seems  to  have  been  once  a  continuation  of  the  sands  near 
Godalming.  Its  top  is  nearly  level  with  the  chalk  range,  but  lower  than  Martha's  Chapel  hill. 
On  the  south,  the  ground  descends  to  Farley  Heath,  with  a  sort  of  escarpment  like  that  of  Crooks- 
bury  and  Famham  commons,  hereafter  mentioned ;  and  the  road  thence  by  Farley-green  to 
Hound-house  is  in  a  richer  sand,  supporting  pools  in  several  places,  and  probably  belonging  to  the 
middle  group. 

Crooksbury  Common  seems  to  consist  of  the  upper  members  of  the  formation,  impending,  like 
an  outcrop  150  to  200  feet  thick,  over  the  valley  of  the  Wey,  between  Elstead  and  Tilford;  and 
on  the  south  of  the  stream  the  heights  of  sand  are  renewed.  Famham  Common  is  analogous  to 
that  of  Crooksbiu7,  and  apparently  a  continuation  of  the  same  plateau,  deeply  cut  through  by  one 
of  the  principal  streams  of  the  Wey.  On  the  south  of  these,  is  the  lower  tract  of  Frensham  and 
Thursley  commons,  and  thence  the  ground  rises  rapidly  towards  Hindhead,  the  ascent  consisting 
of  sand  deeply  trenched  into  channels.  A  conspicuous  group  of  barren,  somewhat  conical  hills, 
on  the  south  of  Frensham  Common,  called  the  *'  DeviFs  Jumps,*'  is  apparently  the  remaining  por- 
tion of  a  stratum  of  sand  reduced  by  abrasion  to  the  present  irregular  form ;  and  the  pebbles  and 
rolled  masses  on  Thursley  Common,  immediately  on  the  north  of  Hindhead,  are  sandrock,  passing 
into  chert,  which  seems  to  be  unmixed  with  other  matter,  and  to  be  the  debris  of  the  beds  now 
removed. 

(61.)  Hindhead. — ^The  crest  of  Hindhead  is  on  the  north-east  of  a  de- 
pression called  the  '' Devil's  Punchbowl/'  round  which  the  road  is  conducted. 
The  highest  part  of  the  curve,  or  anticlinal  bending,  of  the  Lower  green- 
sand,  seems  to  be  just  at  a  point  where  the  new  road,  on  a  lower  level  than 
the  old,  has  exposed  a  face  of  10  to  25  feet  in  height.  The  flexure  is 
very  slight,  but  sufficiently  perceptible,  occurring  in  such  a  place,  to  be  de- 
serving of  notice.  The  strata  consist  of  soft  sandrock,  containing  con- 
cretions, and  nearly  continuous  beds  of  chert,  passing  into  chalcedony,  of 
various  shades  of  yellow  and  brown ;  with  occasional  layers  of  bright  yellowish 
sand,  in  which  the  lines  of  false  stratification  are  conspicuous.  All  over  Gray- 
shot  Down  the  subsoil  is  a  soft,  loose  sand  of  the  same  description. 

(62.)  The  whole  of  the  tract  here  occupied  by  the  sands,  though  not 
unpicturesque,  is  wild  and  barren  in  its  aspect,  destitute  of  wood,  producing 
only  ferns,  heath,  and  furze.  The  surface  is  in  fact,  to  this  hour,  nearly 
such  as  it  may  be  conceived  to  have  been  when  first  uncovered  by  the 
departure  of  the  sea ;  and  its  structure  is  just  what  may  be  imagined  to 
result  from  the  levelling  effect  of  water  under  the  influence  of  motion 
of  no  great  violence.  In  crossing  this  desolate  region  by  the  main  road 
from  London  to  Portsmouth,  it  is  difficult  to  believe  that  we  are  only  forty 
miles  distant  from  the  capital,  and  midway  to  one  of  the  chief  naval 
establishments  of  the  empire  :  but  the  nature  of  the  soil  effectually  prevents 
improvement,  and  it  is  not  improbable  that  this  tract  may  remain  for  centuries 

u2 
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unchang^ed^  and  rtill  exemplify  the  power  of  geological  causes  in  modifying 
the  civil  condition  of  countries^  as  well  as  their  external  features. 

Td  the  bottom  of  the  "  Punch  Bowl/'  perhaps  200  feet  beneath  the  road,  a  small  stream  arises, 
and  the  north  flank  of  the  highest  ridge  of  Hindhead,  which  runs  nearly  west  from  the  summit,  is 
furrowed  by  nine  or  ten  similar  and  nearly  parallel  trenches :  the  deepest  of  these  is  called  Hack- 
ham  Bottom,  the  stream  from  which  is  continued  along  the  verge  of  Thursley  Common  to  the 
Wey  at  Elstead.  The  ridge  represented  in  the  section  No.  4.  is  that  of  Grayshot  Down,  as  it 
appears  from  the  lower  ground  on  the  north.  It  declines  westward  to  Harem,  and  also  to  the 
south ;  so  that  there  is  here  distinctly  an  anticlinal  line,  more  than  three  miles  north  of  the 
central  valley  of  the  Weald  between  Ludgershall  and  Harting-combe. 

(63.)  Although  Hindhead  is  the  most  prominent  point  in  this  part  qf  the 
country,  it  is  not,  strictly  speaking,  the  escarpment  of  the  Lower  green-sand  ; 
for  the  strata,  which  rise  very  gradually  on  the  west  of  the  denudation,  run  out 
to  the  east  beyond  the  highest  summit,  and  caps  of  sand  are  preserved  on  some 
of  the  advanced  ridges  and  in  several  detached  points.  For  the  same  reason, 
Blackdown  Hill,  about  four  miles  south  of  Hindhead,  is  no  more  than  a 
massive  cap  of  sand,  resting  with  a  very  slight  inclination  upon  the  Weald 
clay  :  and  all  the  deep  ravines  which  separate  the  heights  and  ridges  on  the 
west  and  north-west  of  Blackdown,  towards  Lynchmere  and  Haslemere, 
have  sand  only  at  top ;  the  clay  rising  here  to  not  much  less  than  six  hun- 
dred feet  above  the  sea.  Blackdown  forms  the  north-eastern  promontory 
of  what  may  be  called  the  central  valley  of  the  denudation ;  the  opposite  and 
converging  side  of  which  is  a  similar  escarpment  of  the  Lower  green-sand, 
extending  from  Harting-combe  to  Bexley-hill.  The  floor  of  the  narrow 
intermediate  space  consists  of  the  Weald  clay,  which,  close  to  the  junction, 
abounds  in  Cypris  Faba  ;  and  where  the  valley  opens  into  the  wider  expanse 
of  the  Wealds,  the  first  range  of  the  Wealden  sand  and  sandrock,  described 
by  Mr.  Martin,  about  25  feet  thick,  and  at  a  vertical  distance  of  about  200 
feet  from  the  top  of  the  clay,  forms  a  sort  of  bar,  or  elevated  ridge,  across  the 
entrance ;  occupying  an  extensive  surface  between  Ludgershall  upon  the  Lod, 
and  Northhurst,  and  being  thence  continued,  at  a  corresponding  distance  from 
the  top  of  the  clay,  all  round  the  denudation.  The  course  of  the  Lower 
green-sands  on  the  south  and  south-west  of  this  valley  having  been  pointed  out 
by  Mr.  Murchison,  it  is  unnecessary  to  pursue  this  description  farther. 

(64.)  TVeald  Clay. — The  lowest  beds  of  the  tract  near  Guildford  have 
recently  been  exposed  in  a  pit  for  the  extraction  of  gravel  at  Pease-marsh, 
an  extensive  flat  on  both  sides  of  the  London  road,  between  Arlington, 
south  of  Guildford,  and  Godalming.  On  examining  the  place,  to  which 
my  attention  was  called  by  Mr.  Murchison,  I  found  beneath  a  thick- 
ness of  four  or  five  feet  of  flint  gravel  and  sand,  distinct  strata  of  blue  clay. 
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nearly  horizontal^  though  with  an  irregular  surface^  including  flat  nodular  con- 
cretions of  iron  pyrites^  also  horizontally  disposed.  No  fossils  were  visible; 
but  from  the  situation  and  characters  of  the  clay^  it  seemed  most  probably 
to  be  that  of  the  Weald^  brought  up  into  this  close  proximity  to  the  chalky 
by  the  general  elevation  of  all  the  strata.  It  is  indeed  probable  that  the 
Weald  clay  is  very  near  the  surface  in  many  other  places;  but  as  the  middle 
,  group  of  the  sands  is  also  retentive  of  water^  and  capable  of  sustaining  ponds^ 
the  distinction  can  be  ascertained  only  by  attention  to  local  circumstances. 
The  difference  of  level  is  so  small  in  the  different  portions  of  the  Wey^ 
from  Pease-marshy  by  Godalming^  Pepperharrow,  Elstead^  and  Tilford,  that 
this  clay  may  be  the  base  of  the  stream  throughout ;  but  many  of  the  ponds 
which  occur  at  higher  levels,  in  the  tract  between  Dorking  and  West  Sussex, 
may  safely  be  referred  to  the  middle  group  of  the  sands  *. 

(65.)  Tucksbury-hUl-^y  ^c. — The  summit  of  this  hill,  which  forms  the 
northern  extremity  of  the  section,  Plate  X.  a.  No.  4.  is  an  outlier  composed 
of  siliceous  and  ferruginous  sand,  upon  the  surface  of  which  are  numerous 
angular  fragments  of  pale  yellowish  flint.  The  ground  descends  from  it 
on  all  sides,  but  with  the  greatest  rapidity  towards  the  valley  of  the  Wey ; 
and  it  affords  an  excellent  view,  both  of  the  successive  outcrop  of  the  strata 
in  the  lower  country,  on  the  south-east,  and  (especially)  of  the  tract  on  the 
north,  occupied  by  the  Bagshot  sands;];,  to  which  the  cap  of  the  hill 
seems  to  belong;  the  flat-topped  ranges  and  the  lower  barren  tracts  of 
that  formation  being  seen  from  hence  very  distinctly.  The  summits  of 
Romping-down  and  Chobham-ridge  project  above  the  surrounding  country, 
with  escarpments  towards  the  east,  nearly  at  right  angles  to  the  range  of 
the  Chalk  Downs ;  but  the  general  rise  of  the  sands  is  towards  the  south, 
conformably  to  that  of  the  chalk  §.     The  succession  of  strata  observable  in 

*  Such  are  probably  the  ponds  of  Berry-hill,  Lonesome,  Wotton,  and  Abinger,  near  Dorking ; 
of  Thomcombe-street,  Womiley-heath,  Witley,  and  Lea-house,  near  Godalming;  Frensham 
Great  Pond;  and  many  of  the  pieces  of  water  in  Woolmer  Forest.  Several  of  tlie  ponds  near 
Pulborough  can  with  certainty  be  referred  to  the  geological  place  mentioned  in  the  text. 

f  This  name  of  the  hill  is  taken  from  the  Memoir  connected  with  Mr.  Greenough's  map.  In 
the  Ordnance  map,  one  point  on  the  summit  is  called  Farnham  Beacon, 

X  Warburton :  in  Geol.  Trans.,  2nd  Series,  vol.  i.  page  4>8. 

§  I  had  proof  of  this  rise,  in  passing  along  the  main  road  from  Guildford.  At  an  early  hour  of 
the  morning,  in  October,  all  the  flat  country  on  the  north  was  occupied  by  a  dense  uniform 
fog,  which  filled  the  inequalities  at  the  foot  of  the  sand- heights  on  every  side.  Above  this  sea  or 
lake  of  mist,  which  afibrded  a  sort  of  fluid  level,  the  tops  only  of  the  ridges  were  visible,  like  long 
dark  islands,  the  southern  extremities  of  which  were  uniformly  higher  than  the  northern ;  the 
iatermediate  line  declining  at  a  very  small  but  perceptible  angle. 
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descending  from  the  elevation  to  the  ?alley  of  the  Wealds^  is  very  in- 
structive. 

At  the  west  end  of  the  hill,  beneath  Warren's-comer,  on  the  road  to  Basingstoke,  Septaria  are 
found  in  a  stratum  of  the  London  clay,  which  occupies  a  considerable  thickness  on  the  slope  of 
the  hill,  below  the  cap  of  sand.  I  was  informed  that  "  Pot-earth,"  of  a  different  quality,  occurs 
lower  down,  in  Clarehouse-Park,  in  the  situation  of  the  Plastic  clay ;  and  I  have  seen  the  Chalk  in 
the  decline  of  the  hill,  between  Lower  Old  Park  and  Halfway-house. 

The  Upper  green-sand  forms  a  slight  prominence  beneath  this  chalk,  on  the  south  of  Dip* 
penhall-house,  between  the  words  '  Dean's-farm '  and  '  Ridgway '  on  the  Ordnance  map,  the  strata 
dipping  not  much  more  than  5^  to  the  north.  The  rock,  which  is  there  called  '  Marl-stone,'  does 
not  precisely  agree  with  any  I  have  seen  between  this  place  and  the  coast,  but  is  very  like  some  of 
the  strata  in  the  corresponding  place  at  East  Knoyle,  on  the  north  of  the  Vale  of  Wardour.  It  is 
a  subcalcareous  sandstone,  or  variety  of  "  fire-stone,"  very  soft,  uniform,  of  a  yellowish-grey  or 
cream-colour,  scarcely  efiervescent,  and  remarkable  for  its  lightness  ;  and  it  includes  concretions 
of  a  hard  splintery  limestone,  approaching  to  chert,  and  of  much  greater  density  than  the  stone 
which  surrounds  them. 

The  Gault,  on  the  line  of  the  section,  first  comes  up  on  the  road  descending  from  Ridg- 
way to  the  river  Wey,  but  is  more  distinctly  seen  at  the  extremity  of  Wracklesham;  and,  in 
consequence  of  the  more  gradual  rise  of  the  strata,  on  the  south-west  of  that  village,  it  occupies 
a  more  expanded  surface  in  Alice-Holt  Wood,  as  described  in  Mr.  Murcluson's  paper  above 
referred  to. 

On  the  south  of  the  main  London  road,  where  it  is  crossed  by  the  road  to  Wracklesham,  is  a 
bank  with  the  Lower  green-sand  at  the  bottom,  rising  towards  the  village.  The  surface  is  waved 
remarkably;  and  the  inequalities  are  filled  up  with  gravel,  consisting  of  broken  flint  pebbles,  in 
large  proportion,  mixed  with  red  loam,  and  in  immediate  contact  with  the  yellowish  sands  below. 
The  top  of  the  gravel,  is  nearly  level;  but  its  depth  to  tlie  sand  varies  from  1|  to  4  feet.  This 
fact  is  analogous  to  the  erosion  of  the  sands  near  Dorking,  mentioned  above  (56). 

(66.)  The  mode  in  which  the  drainage  of  the  north-western  portion  of  the 
great  valley  of  the  Wealden  is  effected,  and  the  different  manner  in  which 
the  streams  escape,  in  this  part  of  the  country,  from  that  of  their  egress 
through  the  North  and  South  Downs,  support  the  hypothesis  of  Mr.  Scrope 
and  Mr.  Martin,  that  the  gorges  themselves  were  not  produced  by  simple  de- 
nudation, but  at  least  prepared,  by  antecedent  fissures  cutting  entirely  across 
the  Weald :  while  the  appearances  of  the  surface,  above  described,  are  so 
unlike  those  which  would  have  been  produced  by  rapid  diluvial  action,  as  to 
indicate  either  a  long  period  of  submersion,  at  no  great  depth,  or  very  gradual 
drainage  and  long-continued  decay. 

The  principal  branch  of  the  Wey,  from  its  rise  near  Alton,  to  Farnham,  is  nearly  straight,  in  a 
direction  from  south-west  to  north-east;  but  immediately  below  Farnham,  instead  of  cutting 
across  the  chalk  downs,  it  turns  abruptly  to  the  south-east,  to  join  another  branch ;  which  likewise 
runs  in  a  straight  line  nearly  parallel  to  the  former,  from  its  source  in  the  chalk  near  Selborne, 
through  Kingsley,  by  Frensham,  to  Tilford  Bridge,  where  the  streams  unite :  and  then  taking  a 
tortuous  course,   but  in  a  general  direction  parallel  to  the  Hog's-back,  the  river  cuts  deep 
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through  the  phitfbnn  of  the  sands,  on  the  north  and  west  of  Godalming,  receiving  several  stream- 
lets by  the  way.  But  there,  instead  of  continuing  its  direction,  it  turns  suddenly  to  the  north ; 
and  receiving  another  branch  from  beyond  Cranley,  far  within  the  valley  of  the  Wealds,  cuts 
almost  directly  across  both  the  green-sand  and  the  chalk,  and  makes  its  way  to  the  Thames  at 
Weybridge.  The  mere  dosing-up  of  the  defile  at  the  mills  on  the  north  of  Godalming,  would 
convert  the  whole  of  Pease-marsh,  Frensham,  and  Thursley  commons  into  a  lake : — and,  on  the 
other  hand,  a  slight  excavation  towards  the  north,  through  Frensham  to  the  river,  would  drain  the 
great  pond  there. 

The  sudden  change  in  the  direction  of  the  Wey,  near  Farnham,  is  the  more  remarkable,  as  the 
Blackwater,  which  rises  on  the  northern  slope  of  the  chalk  downs  between  Farnham  and  Alder- 
shot,  about  two  miles  from  the  angle  of  the  Wey  near  the  west  end  of  the  Hog*s-back,  runs  on 
the  Bagshot  sands,  towards  the  north  and  west,  by  Frimley,  Blackwater,  &c.,  to  join  the  Lodden, 
not  far  north  of  Strathfieldsay,  in  its  course  to  the  Thames  near  Shiplake.  The  line  of  the  Wey, 
therefore,  from  Alton  to  Farnham,  is  nearly  a  continuation  of  that  of  the  Blackwater*  ;  the  two 
streams  being  separated  only  by  the  prominence  of  the  chalk  between  the  Hog's-back  and  the 
foot  of  Tucksbury  Hillf. 

The  gorge  of  the  Wey  is  nearly  opposite  to  that  of  the  Arun,  on  the  south  of  the  Wealden,  one 
branch  of  which  runs  almost  directly  north  and  south,  from  a  point  between  Loxwood  and  Slin- 
fold,  to  the  sea  at  Little  Hampton ;  and  the  structure  of  the  two  rivers  is  very  much  alike. 
The  Arun  rises  in  the  centre  of  the  Wealden  tract,  whence  it  runs  directly  to  the  sea;  as  does 
the  Wey  from  Cranley :  but  it  receives,  near  Pulborough,  at  right  angles  to  the  main  stream, 
the  copious  branch  (if  it  be  not  rather  itself  the  principal  stream,)  called  the  Bother ;  which, 
having  risen  near  the  ponds  of  Wolmer  Forest,  very  near  the  sources  of  the  Wey,  and  followed  the 
curves  of  the  denudation  for  more  than  twenty  miles,  in  the  trough  between  the  chalk  escarpment 
and  the  Lower  green-sand,  is  then  carried  suddenly  out  of  that  direction,  and  withdrawn  from  the 
valley  of  the  Weald. 

(67.)  From  whatever  cause  the  transverse  course  of  the  streams  may  have 
originated/  the  relative  composition  of  the  strata  was  favourable  to  their  retain- 
ing that  direction^  when  once  they  had  made  their  way  across  the  chalk  and 
Upper  green-sand.  For^  as  the  lower  beds  of  the  chalk  itself^  and  still  more 
the  Gault^  are  remarkably  retentive^  while  the  upper  chalk  is  permeable  by 
water^ — the  slope  of  all  the  strata  being  outwards^  or  from  the  central  ridge 
of  the  valley^  the  whole  of  the  waters  imbibed  by  the  chalk  would  be  deter- 
mined outwards^  if  any  pervious  channel  were  opened  at  its  bottom.  And  if 
a  fissure  were  cut  through  the  whole  series^  without  great  vertical  displace- 
ment^ the  retentive  beds  of  the  chalk-marl  and  clay,  would  immediately  re- 
unite, and  close  it  below;  while,  the  chasm  in  the  chalk  above  remaining  open, 
a  permanent  drainage  outwards  would  be  produced,  and  the  break  would  be 
continually  enlarged. 

*  The  main  stream  of  the  Wey  is  that  which  runs  direct  from  Wolmer  to  Shalford.  See  the  map, 
^  It  should,  however,  he  kept  in  view,  that  the  hed  of  the  Blackwater  hereabouts  is  several 
feet  above  that  of  the  Wey. 
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(68.)  The  following  is  a  list  of  some  of  the  fossils  obtained  from  the  strata 
above  the  Weald  clay,  within  the  portions  of  Kent  and  Surrey  mentioned  in 
the  preceding  sections  (37.  to  67.) : — 


List  of  Fossils  of  the  Gault  and  Green-sands^  in  the  interior  of  Kent, 

and  part  of  Surrey. 

Ammonites  dentatus.    Gault.     Brick-field  near  Westerham.  F. 

A lautus,    Gault.     Same  place.  F. 

A splendens.    Gault.     Bletchingley,  Surrey.  Mantell. 

A tuberculatus,    Gault.     Brick-field  near  Westerham.  F. 

A ?     A  frag;ment  of  a  very  large  Ammonite  (or  Hamite  ?),  was  found  by  one 

of  my  sons  ( W.  I.  F.),  among  the  lowest  beds  of  the  green-sand  on  the  south 
of  Brasted  in  Kent;  which,  when  complete,  must  have  formed  a  spiral  between 
two  and  three  feet  in  diameter.  The  separate  convolutions  are  about  nine  inches 
in  breadth ;  and  the  flutings  of  the  surface,  which  are  simple,  are  about  two 
inches  across  the  broadest  part,  and  in  depth  about  an  inch.  The  specimen  be- 
longs, not  improbably,  to  one  of  the  large  species  which  occur  in  the  Gault 
of  Yorkshire,  (see  Phillips). 

A .     Four  species  occur  at  Boughton  quarries.* 

Ampullaria  canaliculata.    Grault.    Bletchingley,  Surrey.  Mantell. 

BelemnUes  minimus.    Gault.    Bletchingley.    Mantell. 

B .  A  large  species.  Boughton  quarries.  Also  at  Cold  Harbour,  near  Mont- 
real Park,  Sevenoaks,  Kent.     F. 

Cucullea.  (Species  doubtful.)    Lower  green-sand.    Boughton  quarries.  F, 

Dentalium  decussatum.     Gault.     Brick-field  near  Westerham.  F. 

Exogyra  conica.     Boughton.  F. 

E Icevigata.     Boughton  quarries.  F. 

Fisiulana.    (Species  doubtful.)     Ditto.  F. 

GercilUa.    (Species  doubtful.)     Boughton.  F. 

Grf/phaa  sinuata.     Boughton.    Also  near  Brasted ;  West  Kent.  F. 

Inoceramus  concentricus.     Gault.     Brick-field  near  Westerham.  F. 

/ latus.    In  a  fragment  of  yellow  quartzose  chert,  loose  on  the  surface,  near 

Brasted,  Kent.  F. 

Modiola  parallela.    Lower  green-sand  ;  Near  Maidstone.     M.  C. 

Mya.    (Species  doubtful.)    Boughton  quarries.  F. 

Nautilus  elegans.    Boughton.  F. 

Nucula  pectinate.    Gault.     Brick-field  near  Westerham.  F. 

Pecten  quinquecostatus.     Lowest  green-sand.     Kiverhill.  G. 

Pholadomya.    (Species  doubtful.)     Boughton.  F. 

*  All  the  specimens  from  Boughton  were  found  in  the  Lower  green-sand  :   the  greater  part 
in  the  soil  grey  calcareous  rock,  full  of  green  particles,  called  *'  Hassock." 
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Plagiostoma.    A  small  species.     Lowest  beds  of  the  green-sand :    Riverhill,  near 

Sevenoaks.  Mr.  Goodhall. 
Pleurolomaria  striata*.     Pi.  XIV.  f.  16.     Boughton.  F« 
Plkatula  peclinoides,     Boughton.  F. 
Roslellaria  carinata,     Gault.     Bletchingiey.  Mantell. 
Serpula.    Boughton.  F. 

Sphasra  corrugata.     Lowest  green-sand.    Trevereux,  near  Lympsfield,  Surrey.  F. 
Tertbratula  Gibbsiana.     Boughton.  F. 

T oblonga.     Lower  green-sand.     Riverhiil.  G. 

Thetis  major  ?     Boughton.  F. 

Trigonia  alaformis.    With  two'or  more  other  species.     Boughton.  F. 

Turbinolia  Kcenigiu     Gault.     Bletchingiey.  Mantell. 

Venus  angulata  ?  (Cyprina.)    Large,  flat.     Boughton.  F. 

Wood,  Dicotyledonous.    Boughton ;  and  near  Brasted,  West  Kent.  F. 

HyoRna.  Portions  of  the  bones  of  the  extremities  of  this  animal,  and  fragments  of 
the  skull  and  teeth,  both  molar  and  canine,  with  pieces  of  Album  Graecum,  have 
been  found  imbedded  in  brownish  sandy  loam,  at  the  top  of  the  quarries  of 
Boughton  Mount.  F. 

Iguanodon.  Distinct  remains  of  this  reptile,  found  by  Mr.  Binstead  in  the  Lower 
green-sand  at  Rockhill,  near  Maidstone,  have  been  examined  and  described 
by  Mr.  Mantell.    See  note  on  (38). 

Hampshire  and  Western  Sussex. 

The  south-western  portion  of  the  Wealden  denudation  has  been  so  fully 
described  by  Mr.  Murchison  and  Mr.  Martin,  that  I  shall  refer  to  their  publi- 
cations already  quoted,  for  bu  account  of  it;  giving  here  only  some  additional 
facts  with  which  I  have  been  favoured  by  those  two  gentlemen  :  and  for  a 
similar  reason  I  shall  leave  untouched  the  territory  of  Mr.  Mantell  in  Western 
Sussex. 

(69.)  Hampshire. — Accumulations  of  broken  chalk  flints  have  been  found 
rery  extensively,  over  the  surface  of  the  Lower  green-sand^  on  the  new  road  from 
Peiersfield  to  Midhurst  inWest  Sussex;  at  Sheet  Hill;  and  several  other  places 
n  this  part  of  Hampshire.  In  the  former  situation,  which  is  about  three  miles 
Tom  the  nearest  chalk,  the  detritus  covers  an  uneven  surface  of  the  sand, 
vbich  appears  to  have  been  acted  upon  precisely  in  the  same  manner  as  that 

*  In  the  list  of  the  fossils  of  the  vicinity  of  Folkstone  (p.  131.),  this  shell  has  been  called  a 
Vrochus :  but  a  very  fine  specimen  obtained  from  Kent,  and  kindly  mentioned  to  me  by  Mr.  Charles 
damiing,  has  since  convinced  Mr.  Sowerby  that  the  true  genus  is  Pleurotomaria.  See  the  de- 
criptions  of  the  new  species,  in  the  Appendix. 
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of  the  chalk  itself;  the  sand  being  eroded  into  irregular  cavities^  sometimes 
almost  tubular^  which  are  now  occupied  by  chalk  flints^  a  great  part  of  them 
in  small  fragments^  and  all  of  a  rusty  yellow  colour.  Equally  abundant  accu- 
mulations of  these  are  seen  also  on  the  hills  of  white  sand  (one  of  the  upper 
members  of  the  Lower  green),  at  Sledham  and  Trotton  commons^  between  six 
and  seven  miles  east  of  Petersfield ;  but  in  this  case  the  flints  are  not  dis- 
coloured. This  latter  place  is  distant  nearly  three  miles  from  the  nearest 
point  of  the  chalky  and  between  nine  and  ten  miles  east  of  that  where  the 
chalk  escarpments  are  confluent.  In  the  angle  of  the  chalk  west  and  north- 
west of  Petersfield^  particularly  in  the  ascent  to  Alton  by  Stoner  Hill^  such 
heaps  are  yet  more  common.  These  facts  coincide  with  the  observations 
already  mentioned^  near  Boughton^  Dorking,  and  Wracklesham  (38,  56,  and 
65 ) ;  so  that  it  would  seem  as  if  chalk  flint  gravel  above  the  Lower  green- 
sand  was  of  general  and  frequent  occurrence  all  around  the  denudation.  Mr. 
Murchison,  however,  adds,  that  he  has  still  no  knowledge  of  any  such  debris 
beyond  the  limits  of  that  formation,  or  within  the  Wealden  properly  so  called. 

(70.)  The  stifiF  and  retentive  marly  beds,  at  the  base  of  the  Downs,  sus- 
taining the  water  which  descends  through  the  chalk,  have  produced  a  line  of 
ponds  along  the  bottom  of  the  escarpment  of  the  South  Downs ; — a  result  pre- 
cisely analogous  to  the  breaking-out  of  the  springs  above  the  marl,  at  Lydden 
Spout,  upon  the  coast  (8.),  and  all  along  the  base  of  the  Downs  on  the  north. 

(71.)  One  of  the  chief  characteristics  of  the  tract  near  Petersfield,  consists 
in  the  great  relative  extent  and  prominence  of  the  Upper  green-sand;  which 
runs  out  beyond  the  foot  of  the  chalk  escarpment,  like  a  step  or  terrace, 
throughout  the  tract  from  Parnham,  by  Selborne  and  Petersfield,  to  the  south 
of  Petworth,  and  affords  some  of  the  best  sections  anywhere  to  be  found, 
except  perhaps  in  the  Isle  of  Wight.  Though  in  the  parishes  of  Buriton, 
Harting,  &c.,  there  is  an  insensible  passage  from  the  grey  chalk  and  chalk 
marl,  into  the  Upper  green-sand,  still  the  whole  of  the  terraces  (there  at  least 
two  miles  broad)  are  exclusively  composed  of  what  is  called  in  the  country 
Malm-rock*.  The  grey  or  lower  chalk  of  this  portion  of  the  South  Downs 
is  charged  with  the  Inoceramus  mytiloides,  L  Cuvieri,  L  Brongniarti,  and  two 
species  of  small  plicated  Terebratula,  and  does  not  contain  any  of  the  cha- 
racteristic malm-rock  fossils  enumerated  in  Mr.  Murchison*s  memoir  ;  nor 
does  the  malm-rock  contain,  so  far  as  his  observation  goes,  a  single  specimen 
of  the  genera  Inoceramus  and   Terebratula^  so  abundant  in  the  overlying 

*  The  Malm-landy  which  is  remarkable  for  the  fine  crops  of  corn  produced  upon  it,  is,  pro- 
perly, the  soil  over  the  lowest  beds  of  marly  chalk,  wliich  are  carried  out  upon  the  tops  of  the 
projecting  terraces ;    the  term,  **  Malm-rock,"  being  confined  to  the  stony  beds  beneath. 
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chalk :  a  fact  which  is  the  more  deserving  of  attention^  as  several  other  genera 
and  species  are  found  both  in  the  Upper  green-sand  and  the  Lower  chalk*. 

(72.)  Vicinity  of  Pulborough. — I  am  indebted  to  Mr.  Martin  for  the  section 
(Plate  X  a.  No.  5.)  across  the  Wealden  district^  from  Duncton  Beacon  on  the 
South  Downs,  through  Petworth,  toCranley;  and  I  have,  from  my  own  ob- 
servations, continued  it  in  the  same  direction  to  the  North  Downs.  This 
section  shows,  what  Mr,  Martin's  recent  observations  have  fully  confirmed, 
that  the  subdivisions  of  the  sands  below  the  chalk,  in  the  north-west  of  Sussex, 
correspond  with  those  above  described,  in  the  neighbourhood  ofFolkstone; 
and  that  a  similar  valley  distinctly  marks,  in  both  cases,  the  place  of  the  middle 
greener  and  retentive  sands,  (^4.).  I  have  had  myself  also  an  opportunity  of 
seeing,  with  Mr.  Martin,  a  section  parallel  to  that  of  Plate  X  a.,  in  which  this 
structure  is  very  clearly  displayed,  on  a  line  about  half  a  mile  west  of  Pul- 
borough, passing  through  the  heights  of  Park-hill  farm  and  Pethenden  (with 
the  valley  of  the  middle  sands  between),  to  a  detached  summit  within  the 
Weald-clay,  called  Pickhurst  Hill;  (See  Plate  Xb.  fig.  2.).  Fuller's-earth 
like  that  of  Nutfield,  appears  at  Fittleworth  Church,  near  Pulborough. 

Besides  the  mass  of  this  intennediate  group,  a  detached  stratum,  about  40  feet  in  thickness,  of 
dark-coloured,  greenish  grey,  retentive  sand,  including  much  pyritous  matter,  occurs  above  it, 
with  some  feet  of  ferruginous  and  yellowish  sand  between ; — a  subordinate  bed,  in  fact,  within  the 
upper  ferruginous  mass  of  the  sand  :  and  this  dught  to  be  held  in  view,  as  in  some  cases  it  might 
be  mistaken  for  the  Gault.  It  is  very  conspicuous  on  the  ascent  of  the  London  road,  from  the  flats 
on  the  south,  to  the  church  at  Pulborough  ;  and  can  be  traced  thence,  almost  continuously,  for 
some  miles  both  to  the  east  and  west.  No  fossils  have  been  found  in  this  stratum,  except  some 
impressions  of  what  may  be  the  branches  of  fuci.  A  bed  of  dark  hue,  with  the  same  characters, 
seems  to  occupy  a  corresponding  place  in  the  series  near  Reigate :  See  note  f  on  (52.). 

(73.)  This  country  has  been  the  scene  of  several  upheavings  and  derange- 
ments of  the  strata,  analogous  to  those  above  mentioned  in  West  Kent  (41. 
to  43.),  but  much  more  complex  and  extensive.  Some  of  these  have  been 
described  in  Mr.  Martin's  work  already  referred  to ;  and  of  others,  more  re- 
cently observed  by  that  gentleman,  I  hope  he  will  himself  soon  publish  a 
description^. 

♦  See  Mantell's  "  Tabular  Arrangement  of  the  Organic  Remains  of  Sussex" — Geol.  Trans.  2nd 
Series,  vol.  iii.  p.  210.     Terebratulse  are  there  mentioned  among  the  genera  common  to  both 

m 

deposits. 

j;  The  forces  by  which  such  derangements  may  have  been  effected,  appear  to  be  still  in  action 
in  this  part  of  England.  In  the  spring  of  the  present  year,  18S4,  distinct  shocks  of  an  earthquake 
were  felt  throughout  a  tract,  of  which  Chichester  seems  to  have  been  the  principal  point.  At 
Pulborough,  they  were  of  such  force  as  to  ring  the  bells  at  the  parsonage.  An  account  of  the 
phenomena,  is,  I  believe,  in  preparation,  by  some  members  of  the  Philosophical  Institution  at 
Chichester. 

X2 
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(74.)  The  junction  of  the  sands  and  clay^at  Stopham  brick -yard^  on  the  west 
of  Harwood's  Green^  near  Pulborough^  affords  the  only  indications  that  have 
come  to  my  knowledge,  of  any  interruption  or  disturbance  between  the  de- 
position of  the  upper  part  of  the  Weald  clay,  and  of  the  incumbent  Lower 
green-sand.  The  surface  of  the  clay  at  the  place  in  question  is  hollowed  into 
irregular  roundish  cavities,  at  the  bottom  of  which  portions  of  green-sand  were 
found,  including  several  of  the  characteristic  fossils  of  that  formation ;  while  the 
clay,  immediately  below,  is  equally  characterized  by  the  presence  of  Cypris.  At 
the  junction,  the  clay  was  mixed  with  sand;  and  specimens  of  Panopaa  plicata 
were  found  even  two  or  three  feet  within  nearly  pure  clay,  along  with  ferru- 
ginous concretions,  containing  fossils  of  the  Wealden,  impressions  of  Cyclas, 
Cypris,  and  remains  of  fishes :  and  this  mixture  was  observable  to  the  depth  of 
several  feet; — so  that  both  the  sand  and  clay  must  have  been  at  the  time  of 
mixture  in  a  state  of  softness  ;  or  the  sand  must  have  been  introduced  over 
a  surface  of  argillaceous  mud,  before  it  had  consolidated.  When  1  had  the 
pleasure  of  examining  the  place,  with  Mr.  Martin,  the  circumstances  were 
unfavourable  to  observation  :  and,  as  the  junction  of  the  two  formations 
here,  is  on  the  slope  of  a  hill,  it  might  have  been  doubted  whether  the 
appearances  could  not  be  explained  by  the  effects  of  subsidence  producing 
intermixture,  during  very  rainy  weather,  or  under  water,  before  any  of  the 
strata  had  emerged.  Mr.  Martin,  however,  who  had  seen  the  place  when  the 
phenomena  were  better  exhibited,  is  of  opinion  that  this  explanation  of  them 
would  not  have  sufficed.  In  this  brick-yard,  the  loamy  sand  found  near  the 
junction  is  used  a/one  for  making  the  bricks;  sand  being  required  in  the 
manufacture,  only  for  sprinkling  the  moulds. 

(75.)  List  of  Fossils  from  the  Beds  below  the  Chalk,  in  part  of  HjImpshire 

and  Western  Sussex. 

[Upper  Green-sand.^ 

The  following  List  of  Fossils  from  the  Upper  green-sand  in  the  vicinity 
of  Petersfield,  in  addition  to  those  mentioned  in  Mr.  Murchison's  paper  on 
that  district,  (Geol.  Trans.  2nd  Series,  vol.  ii.  p.  99.)  I  owe  to  the  kindness 
of  Mrs.  Murchison,  in  whose  collection  the  specimens  are  placed. 


Ammonites  catillus. 

A  splendens. 

Area  carinata. 

Avicula  gryphaeoides.  (See  Pi.  XI.  f.  3.) 

Cucullcea.     Much  compressed. 

EchinO'Spatangus.  (Three  new  species.) 


Fishes.     Scales  and  vertebrae. 
Gryphcea  columba, 
G  vesiculosa. 

G sinuata. 

Nautilus  elegans  ?  ?  Much  compressed. 
Pecten  asper. 
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Pecten  Beaveri. 
P         nitidus, 

P orbicularis. 

P quinquecostatus.     Besides  one  or 

two  other  species,  indistinct 
Plicatula  inflata. 


Solarium  granulatum.    Mantell. 

S or  Trochus.  Another  species. 

Thetis  mqjor. 

Vegetable  impressions.  Like  those  of  the 

upper  chalk  near  Lewes.    Mantell, 

t.  9.  p.  157. 


[Lower  Green-sandJ] 

Ammonites  dentatus,  Stopham  brick*yard,  West  of  Pulborougli,  Sussex ;  in  a  mass  of 
phosphate  of  lime.  This,  with  the  other  fossils  from  the  same  place,  was  found 
by  Mr.  Martin  covered  by  green-sand,  in  an  excavation  at  the  top  of  the  Weald 
clay.    Martin  MSS. 

A .  (Near  to  Nutfieldiensis^  but  a  distinct  species.)    Lowest  member  of  the 

sands  near  Pulborough  :  Martin. 

A  (Impressions  of  one  or  two  other  species.)    Stopham  brick-yard  :  Martin 

MSS.  One  of  these  is  in  a  roundish  mass  of  phosphate  of  lime,  precisely  like  spe- 
cimens found  near  Copt  Point,  Kent :  the  outer  surface  is  whitish,  and  is  eroded 
in  small  tortuous  grooves,  as  if  eaten  by  worms :    the  interior  brown. 

Auricula  (new  species).    Martin,  ibid. 

Avicula  ?     Martin,  ibid. 

Cardium  ?     (New  species ;  delicately  striated.)     Stopham  brick-yard  :    Martin  MSS. 

Coprolite.    Stopham  brick-yard  :  Martin  MSS. 

Corbula  gigantea.    Bowyer*s  Common :  Mrs.  Murchison. 

C striatula.     Bowyer's  Common,  near  Petersfield :  Mrs.  Murchison.     Parham  : 

Mantell,  and  Martin. 

C (new).     Near  Pulborough :  Martin,  p.  32. 

Crustacea.  ^^At  Bognor  Common,  in  Fittleworth  parish,  there  is  a  vein  of  friable 
<<  green-stone,  rich  in  Pectens,  Trigonis,  and  the  remains  of  a  crustaceous  fossil 
^^  like,  a  shrimp.'*    Martin,  p.  34,  note. 

Cuculkea  decussata.    Parham :  Mantell,  and  Martin. 

C glabra  ?     Bowyer's  Common :  Mrs.  Murchison. 

C .     (Another  species — or  two?)  Stopham  brick-yard  :  Martin  MSS. 

Cyprina  angulata.  (  Fenti^,  Min.  Con.)     Stopham:  Martin  MSS. 

Cytherea parva.  (Fen2/5,  Min.  Con.)  Parham:  Mantell.  Bowyer's  Common,  and 
Lyss  near  Petersfield :  Mrs.  Murchison.  Upper  ferruginous  member  of  the 
Lower  green-sand,  Pulborough  Mount :  Martin  MSS. 

Gervillia  acuta.     Parham:  Mantell. 

G aviculoides.   Parham  Park :  In  concreted  masses  of  fine-grained  ferruginous 

sand,  with  several  other  species  mentioned  below;   all  casts:    Martin.     Also 
Bowyer's  Common  :    Mrs.  Murchison. 

G solenoides.     Parham  :  Mantell. 

G .    (Another  species,  probably  new.)      Upper  ferruginous  member  of  the 

sands:  Martin. 
tnoceramus  grj/phaoides.    Lowest  group  of  lower  green-sand :  Martin,  p.  33. 
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JLima  semisulcata.     Plate  XI.  fig.  10.     Pulborough  :  Martin. 
Lucina  ?     Bowyer's  Common :    Mrs.  Murchison. 

L .     (Perhaps  two  species.)    Lowest  member  of  the  sands;  near  Pulborough: 

Martin. 


Modiola  tequalis.  1  p^  ,,  j^^^^  jj 

M biparttta.} 


M imbrjcata.    Upper  ferruginous  sands :  Mantell,  and  Martin. 

M bella.     Plate  XI.  fig.  9. 

M •     (A  new  species.)    Near  Pulborough:  Martin,  p.  32. 

Alya  mandibula.    Lowest  member  of  the  sands.     Pulborough:  Martin. 

M —  plicata.     (See  Panopasa  plicate). 

M — .  (Two  species  not  figured.)  Martin,  p.  33.  Lowest  group  of  lower  green- 
sand. 

Mj/tilus  edeniulus  ?     Martin,  p.  32. 

M lanceolatus.     Parham:  Mantell. 

Natica.  Parham  :  Parkinson  ;  Organic  Remains,  vol.  3.  PI.  6.  fig.  2.  Lyss  near 
Petersfield :  Mrs.  Murchison. 

Nautilus,     Near  Pulborough  :  Martin,  p.  31. 

Nucula  impressa.  Parham  :  Mantell.  Lowest  member  of  the  sands ;  Pulborough : 
Martin. 

N antiquata.  Upper  ferruginous  member  of  the  Lower  green-sand ;  Pulborough 

Mount:  Martin. 

Orbicula.  (Not  figured.)  In  sand  rock  :  lowest  member  of  the  sands ;  Pulborough 
andStopham:  Martin. 

Panopcea  plicata.  Lower  member  of  the  sands ;  Parham  Park,  and  Stopham  brick, 
yard:  Martin  MSS. 

Patella.     Parham:  Mantell. 

Pecten  obliquus.    Parham  :  Mantell,  and  Martin. 

P orbicularis.     Pulborough  :  Martin.     Parham  :  Mantell. 

P quadricostatus.     Parham  :  Mantell. 

P  (A  new  species.)    Martin. 

Pholadomya.    Lowest  member  of  the  sand  near  Pulborough  :  Martin,  p.  32.  and  MSS. 

Pinna  tetragona.     In  sand-rock  ;   lowest  member  of  the  sands  :  Martin. 

P .     (A  cast.)    Stopham  brick-yard  :  Martin. 

Rostellaria  calcarata.     Parham:  Mantell. 

R Parkinsonii.  Parham:  Mantell.  Upper  member  of  the  sands  ;  Pulborough 

Mount:  Martin. 

R .     (Very  like  Pe5  Pe//cam.)     Parham:  Mantell. 

Tellina  cequalis. 
T incequalis, 

T ?     (A  species  not  figured.)     Lowest  member  of  the  sands,  near  Pulboroii<rh  : 

Martin. 
Terebratula  lata. 


^Parham  :  Mantell,  and  Martin. 


T ovata. 


^Parham :  Mantell. 
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Terebratula  nuciformis.     Upper  member  of  the  sands ;  Pulborough  Mount :  Martin. 

T depressa.  Upper  ferruginous  member  of  the  Lower  green-sand  ;  Pulbo- 
rough Mount:  Martin  MSS. 

T .     (Another  species — uncertain.)    Same  place  :  Martin. 

Thetis  major.    Lowest  member  of  the  sands;  Pulborough :  Martin. 

T minor.    Bowyer's  Common,  and  Lyss,  near  Petersfield  :    Mrs.  Murchison. 

Parham  :  Mantell.    Upper  member  of  the  sands ;   Pulborough  Mount:   Martin. 

T (new).    Stopham  brick-yard.    Martin  MSS. 

7Wgt)Wwa/cp/bmitf.  IBowyer's Common:  Mrs. Murchison.  Parham:   Mantell.  Stop- 

T clavellatal}      ham  :  Martin. 

T  dedalasa.    Parham  :  ^Mantell. 

T spinosa.     Pulborough:  Martin,  p.  33. 

Turbo  rotundatus.    Parham  :  Martin  MSS. 

r— — .     (Another  species.)     Near  Pulborough  :  Martin,  p.  31. 

Turritella  granulata.     Parham,  and  Pulborough  :  Martin  MSS. 

T .     (Another  species.)    Near  Pulborough  :  Martin  MSS. 

Venus  angulata.    See  Cj/prina. 

„  _  *  I  Parham  :  Mantell. 

V         aoalts.  J 

V parva.     See  Cj/therea  parva. 

V .     (Casts  of  two  other  species.)    Stopham  :  Martin  MSS. 

Vermicularia  concava.   Parham-park,  Parkmount-lane  near  Pulborough,  Chiltington- 

common.     Martin,  pp.  33  and  34. 

The  Wealden. 

(76.)  In  adopting  this  general  denomination,  proposed  by  Mr.  Martin,  for 
the  formations  below  the  green-sand,  in  the  Wealds  of  Kent,  Surrey,  and 
Sussex,  I  have  extended  its  acceptation  to  the  Purbeck  strata  also,  which  do 
not  occur  within  those  counties ;  because  the  whole  group  abounds  in  fossils 
of  the  same  character.  And  though  the  Purbeck  strata  consist  principally  of 
limestone,  which  has  many  indications  of  lacustrine  origin,  they  include,  like 
the  upper  members  of  the  Wealden,  distinct  alternations  of  marine  fossils 
with  those  of  freshwater : — one  very  thick  bed  especially,  which  consists  al- 
most entirely  of  oysters,*  showing  that  the  sea  must  have  had  access  to  the 
waters  from  which  they  were  deposited.  Mr.  Martin  has  ascertained  that  the 
Wealden  strata  above  the  Purbeck,  consist,  throughout,  of  alternations  of 
sand,  sand-rock,  and  grit,  with  clay  and  marl;  so  that  the  separation  of  the 
Weald*clay  from  the  Hastings  sands,  is  in  a  great  measure  arbitrary.  But  as 
in  the  only  tracts  where  this  group  has  yet  been  observed,  the  sands  rise  above 
the  valley  of  the  clay,  into  a  very  prominent  ridge,  which  forms  a  striking  fea- 

♦  Webster :  Geol.  Trans.,  2nd  Scries,  Vol.  II.,  p.  40. 
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ture  of  the  surface^  this  subdivision  is  to  a  certain  extent  natural^  and  may  be 
retained  with  advantage. 

(77.)  Valley  of  the  fVealds. — The*beds  of  sand,  sand-rock,  and  limestone 
subordinate  to  the  Weald  clay-,  have  been  traced  by  Mr.  Martin  throughout 
the  tract  represented  in  his  map  of  Western  Sussex,  and  I  refer  to  his  memoir 
for  an  account  of  them :  their  place  is  indicated  in  the  Section,  PL  X.  a. 
fig.  5.  I  have  myself  observed  beds  of  the  same  description, — no  doubt  con- 
tinuous with  those  described  by  Mr.  Martin,  though  I  have  not  traced  their 
continuity,  on  the  opposite  side  of  the  Wealden  and  of  the  forest  ridge,  about 
Ewhurst,  and  on  the  east  of  that  village^.  And  in  the  course  of  the  valley 
eastward,  through  Surrey  and  Kent,  distinct  and  almost  continuous  ridges, 
apparently  produced  by  the  greater  durability  and  prominence  of  similar 
strata,  are  observable  from  the  escarpment  of  the  sands,  and  are  in  part  ex- 
pressed in  the  Ordnance  Maps. 

Two,  if  not  three  lines  of  these  subordinate  strata  cross  the  road  which  descends  from  the 
escarpment  of  the  sands  through  Ewhurst.  1 .  The  first  is  at  the  foot  of  a  height,  which  runs  from 
the  south  of  Coneyhurst  Farm,  through  Woodland ;  the  beds  consisting  of  limestone,  (Sussex 
marble)  full  of  large  Paludinse  and  Cypris.  A  group,  possibly  a  continuation  of  tliis,  occurs  in 
Mr.  Turner's  grounds,  north  of  Forest  Green,  at  Atherley,  about  two  miles  east  of  Woodland, 
below  Leith-hill  Place;  but  there  the  stone  is  greenish  micaceous  grit,  in  three  contiguous 
courses,  each  about  12  inches  thick,  containing  very  large  Paludinse,  Uniones,  and  stemlike  concre- 
tions, where  the  stone  adjoins  the  whitish  sand,  on  which  it  rests.  Above  Henhouse  Farm  also, 
about  a  mile  and  a  half  east  of  Atherley,  a  range  of  high  ground  indicates  the  presence  of  firm 
bands  of  stone ;  and  grit  is  found  there,  which  includes  similar  Uniones,  and  a  few  Paludinse. 
2.  A  second  band,  composed  of  ironshot  sand,  over  variegated  reddish  brown  clay,  crosses  the 
road,  at  the  church  of  Ewhurst,  passing  thence  eastward  through  Lyefield  Farm.  The  stone-pits 
of  Forest  Green  seem  to  be  on  this  line,  but  they  consist  of  beds  of  grit  including  Uniones  and 
Cypris,  above  yellowish  sand,  reddish  clay,  and  concretional  sandstone,  with  casts  of  Uniones. 
S.  At  Bowles's  Farm,  on  the  east  of  Cranley,  is  a  bed  of  very  compact  sand-stone,  apparently 
lower  in  the  series  than  those  above  mentioned :  and  the  roads  hereabouts  are  repaired  with  grit 
from  Newhouse,  between  Cranley  and  Ewhurst.  Stone  is  also  found  nearly  on  the  same  line  east- 
ward, at  Redford  and  Standling ;  and  again  on  the  south  of  Capel  (on  the  road  from  Dorking, 
about  a  furlong  north  of  the  dOth  mile-stone),  is  a  prominent  ridge,  with  a  course  of  sand,  in 
beds  from  2  to  6  inches  thick,  in  light-coloured  clay. 

The  height  last  mentioned,  near  Capel,  may  probably  be  the  continuation  of  a  ridge  which,  on 
the  Ordnance  Map,  begins  about  d-f  miles  to  the  east  of  that  place,  passing  from  Stand-hill,  through 
Norwood  and  Horse-hill;  and  which  (being  resumed  on  the  east  of  the  Mole),  forms  a  range  nearlv 
parallel  to  the  escarpment  of  the  Lower  green-sand, — by  Lady-farm,  about  two  miles  south  of 
Earlsvvood-common  on  the  road  from  Reigate  to  Brighton,  Outwood- common,  Lostland,  south 
of  Gayhouse-farm,  and  thence,  through  Hook-stile,  to  the  stream  south  o^  Comfort's-Place  farm, 
and  Moat  farm.     On  the  east  of  the  place  last  mentioned,  the  ridges  between  the  Lower  green- 

•  See  the  eastern  part  of  the  Section,  fig.  5. 
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sand  and  the  Hastings  sand,  are  not  so  well  defined ;  but  on  the  south  of  Boughton,  a  series  of 
heights  extends  from  Marden  to  the  east  of  Staplehurst. 

(78.)  Coast  of  Kent.  There  is,  strictly  speaking,  no  section  of  the  Weald 
clay  and  the  upper  part  of  the  Hasting  sands  on  the  coast  of  Kent ;  the  line 
of  heights  which,  at  some  very  remote  period,  may  have  been  sea-cliSs  washed 
by  the  English  Channel,  being  now  covered  with  vegetation,  and  separated 
from  the  sea  by  the  wide  tract  of  Romney  Marshes.  Having,  myself,  some 
years  ago,  observed  indications  of  sand  and  stone,  in  the  Weald  valley  near 
the  coast  where  it  is  difficult  to  find  good  sections  exposed,  my  friend  the  Rev. 
G.  E.  Smith  was  good  enough,  at  my  request,  to  examine  that  part  of  the  coun- 
try ;  and  from  his  notes  1  learn  that  the  greater  part  of  the  series  there  must 
consist  of  sand  and  sandy  clay, — the  blue  fissile  clay,  which  occurs  in  the 
upper  part  of  it,  not  recurring,  or  not  having  been  detected,  farther  down. 

The  first  rise  of  the  clay  firom  beneath  the  green^^sands,  is  represented  in  the  view  Plate  VIII. ; 
and  the  general  section  of  the  coast  between  Folkstone  and  Beachy  Head,  (Plate  X.  a.  No.  6.) 
includes  the  strata  on  the  west  of  Hythe.  The  shore  beneath  that  town,  which  is  sometimes 
laid  bare,  when  the  sea  carries  away  the  shingles,  during  the  prevalence  of  easterly  winds,  consists 
of  soft  bluish  clay,  which  has  the  characters  of  river  mud,  and  differs  much  firom  the  uniform  slaty 
clay  of  the  Wealds.  But  the  latter  has  been  cut  through  in  sinking  wells  above  the  main  street 
of  Hythe,  which,  in  some  instances,  have  gone  to  the  depth  of  75  feet  entirely  in  clay.  In  one  of 
these  wells,  the  succession  of  beds  was  thus ; — beginning  at  a  point  about  60  feet  beneath  the 
bottom  of  the  Lower  green-sand. 

Upper  Part  of  the  Weald- Clay  at  Hythe, 

Ft.  In. 

1.     Soil 2  6 

i8.     Reddish  tough  elay* 6  to  7  0 

3.  Greenish  sandy  clay,  in  thin  bands,  alternately  of  dark  and  lighter  hues . .  5  to  6  0 

4.  Blue,  uniform,  slaty  clay,  containing  Cypr is  about  a  foot  from  the  top . .  about  5  0 

5.  A  band,  composed  of  argillaceous  iron  ore,  abounding  in  Paludina  elon" 

gata^  and  Cypris ? 

18         0 

6.  Blue  clay  continued.     Here  a  boring  was  made  to  a  depth  of  about  20  feet : 

all  in  bluish  clay 20         0 

Total 38        0 

Blue  clay  with  Cypris  occurs  also,  according  to  the  Rev.  G.  E.  Smith,  immediately  below  the 
green-sand,  at  Aldington  Comer  ;  but  nothing  like  it,  he  informs  me,  in  the  succeeding  parts 
of  the  section  towards  the  south.  A  bed  of  limestone,  with  Paludinse  ("  Sussex  marble  ")  occurs 
at  Hurst-)-,  beneath  Court-at-Street,  and  seems  to  be  continued  in  the  clay  which  passes  from 
that  place  round  the  base  of  Aldington  Knoll ;  and  a  similar  stone  is  found,  in  a  corresponding 
situation  in  the  cypriferous  clay,  at  DanielFs  Water  on  the  south-west,  Stanford  Bridge,  on  the 

*  In  descending  from  the  sands  at  Linton,  south  of  Boughton,  and  in  many  other  places,  the 
top  of  the  Wealden  is  seen  to  consist  of  very  red  clay. 

"j-  The  term  Hurst  is  of  such  frequent  occurrence  in  the  names  of  places  in  Kent,  Surrey,  and 
Sussex,  that  the  Ordnance  Maps  alone  afford  a  List  of  about  120  such  names.  Having  sent  this 
Lbt  to  the  Rev.  Joseph  Hunter,  late  of  Bath,  that  gentleman  has  favoured  me  with  some  obser- 
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west  of  Ashford,  and  near  Bethersden,  about  %%  miles  south  of  Stanford  Bridge.  A  continucms 
range  of  slightly  elevated  ground,  extending  from  Lovelace  near  Bethersden  towards  Shadoxhurst 
(in  a  direction  parallel  to  that  of  the  other  ridges  of  this  country,  and  to  the  range  of  the  chalk 
escarpment),  may  also  indicate  the  existence  of  some  stratum  of  greater  firmness  than  the  clay. 

Mr.  Smith  mentions  two  subordinate  courses  of  sand,  with  sand-rock,  sandy  clay  and  loam,  as 
occurring  in  the  lower  tract,  or  valley  of  the  Weald,  between  Aldington  Corner  and  the  cliffs  of 
sand  and  grit  on  the  north  of  Rye.  (1.)  The  first  of  these  runs  from  near  Bilsington,  through 
Orleston  ;  with  which  line  a  range  in  the  interior  seems,  from  the  map,  to  be  continuous,  for  about 
four  miles  mpre  towards  the  north-west, — through  Woodchurch  Beacon  and  Redbrook  Street. 
It  seems  to  be  parallel  to  the  ridge  above  mentioned  between  Bethersden  and  Shadoxhurst; 
and  sections  of  the  strata  are  disclosed  at  Bilsington  Priory;  on  the  roads  from  Bilsington  Cross  to 
High-house;  from  Ruckinge  to  Ham  Street,  and  from  Ham  Street  to  Orleston;  and  perhaps  neaf 
Warehom  Leaton.  (t.)  The  second  course,  which  consists  of  red  clay  with  sand  and  sand-rock, 
begins  at  Brookarro,  on  the  verge  of  the  marshes,  and  passes  through  Bench-hill.  On  the  south 
of  this  last-mentioned  range,  sand  and  sandy  clay  appear  to  abound :  concretional  beds  of  hard 

vations  of  so  much  interest,  that,  but  for  the  immediate  object  of  these  pages,  I  should  willingly 
have  inserted  them  in  full. 

The  word,"  Mr.  Hunter  states,  ^'  does  not  occur  in  Lye's  Saxon  Dictionary;  but  I  observe 

that  the  modem  Lexicographers  speak  of  a  Saxon  word,  hypft,  as  synonymous  with  j^/oa ;  and 
**  hursta,  it  seems,  occurs  in  low  Latin,  for  '  wood '.     Wachter  explains  Harst,  Germ.,  '  locus 

'nemorosus  et  pascuus';  and  refers  it  to  dpos,  mons.     Kilian  has  Horscht^  Teut.  Wirgultum; 

'  sylva  humiles  tantum  frutices  proferens.' 

"  In  England,  Hurst  appears  to  signify  a  small  wood ;  but,  in  Scotland,  a  barren  he^ht  or 
"  eminence,  and  sometimes  a  shallow  in  a  river.  I  do  not  find  the  word,"  Mr.  Hunter  continues, 
"  in  any  of  the  provincial  glossaries ;  and  yet  I  think  it  is  not  quite  out  of  use,  in  its  uncompounded 
**  state,  to  denote  a  Wood,  generally ;  but  I  much  doubt  whether  any  specific  difference  can  be  dis- 
«  covered  between  the  sense  of  this  word  and  that  of  many  other  words,  in  a  language  which  is 
"  particularly  rich  in  terms  which  designate  woods,  or  woody  places :  grove,  thicket^  copse^ 
**  brake,  &c. 

'*  If  Drayton's  authority  {Polyolbion,  viii.  2.)  were  not  thought  sufHcient  to  prove  that  in 
*'  England  the  word  was  formerly  used  to  signify  a  Wood,  the  combinations  in  which  it  occurs  in  the 
*'  names  of  innumerable  places,  dispersed  all  over  the  southern  part  of  the  island  (i.  e.  south  of  the 
*•  Tweed),  would  be  sufHcient  to  prove  it.  There  is  Oak-hurst,  Ake-hurst  (a  varied  form  of  Okc' 
**  hursi)\  Elm-hurst,  everywhere  ;  Ew-hurst,  Hasel-hurst,  Ash-hurst,  Ashen-hurst,  Maple-hurst, 
"  Nut-hurst,  Beam-hurst  (Staffordshire),  Brere-hurst,  Box-hurst ;  besides  many  Hursts  without 
"  any  prefix, — of  which  Hurst- Monceaux  is  one ;  Monceaux  being  an  addition  made  after  the  Con- 
*'  quest,  from  the  name  of  some  Norman  Lord. 

'*  So  many  instances  in  which  the  names  of  trees  are  united  with  this  word,  would,  I  think,  of 
**  themselves  be  sufficient  to  prove  that  it  was  really  in  use  in  England,  in  the  sense  of 'wood* ;  and 
*'  it  may  be  added,  that  it  lies  deep  in  the  language^ — the  woods  so  designated  being  older  than 
*'  the  towns  which  have  risen  near  them,  and  those  towns  of  Saxon  foundation. 

**  Again,  there  are  other  instances  in  which  the  adjunct  is  congruous  with  this  idea  of  Hurst;  such 
"  as  Hawk-hurst,  Crotv-hurst,  Broad-hurst,  Buck-hurst,  ^rocA:/eAttr*^  (Brock-hole-hurst), — the  wood 
"  where  the  badger  (brock)  made  his  holes.    So  also  Brock-hurst,  Park-hurst,  Coney-hurst,  &c.  &c. 

**  It  must,  however,  be  admitted,  that  there  are  many  names  of  places,  into  the  composition  of 
"  which  the  word  Hurst  enters,  of  which  it  is  extremely  difficult  to  trace  the  origin  ;  and  when 
"  those  for  which  we  can  account  are  taken  out  of  the  list,  it  is  hard  to  form  even  a  conjecture  con- 
"  cerning  those  which  remain.  In  this  respect,  however,  the  compounds  of  Hurst  are  but  in  the 
**  same  predicament  with  the  prefixes  to  -ton,  -ham,  -Jield,  -by,  and  many  of  the  local  terminals ; 
"  and  probably  they  are,  in  many  instances,  the  names  of  early  Saxon  proprietors,  detorted 
"  from  their  original  forms.  Some,  however,  more  skilful  etymologist,  or  one  better  acquainted 
**  with  the  language  of  our  ancestors  of  the  6th  and  7th  centuries,  when  probably  these  names  first 
"  became  fixed,  might  explain  : — Shadocks-hurst,  Cog-hurst,  Bub-hurst,  Tile-hurst,  Sissing-hurst, 
"  Capen-hurst,  Dicken-hurst,  &:c.  &c." 
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grit,  with  Paludinse  and  CypriSy  occurring  in  the  sands  about  Stone  and  Knock-house ;  and  still 
more  conspicuously  in  the  range  of  heights  further  south,  which  extends  from  Boons-hill  to  the 
cli£&  below  Playden,  not  far  from  Rye. 

(79.)  Hastings  Sands. — Mr.  Webster  has  described  and  given  a  drawing 
of  the  cliffs  on  the  east  of  Hastings^  in  a  preceding  volume  of  these  Trans- 
actions* ;  and  a  general  section  of  the  coast  between  the  chalk  downs  of  Kent 
and  Sussex  will  be  found  in  the  annexed  Plate^  X.  a.  No.  6.f  I  shall  not, 
therefore,  here  detail  the  stratification  of  this  portion  of  the  Wealden,  espe- 
cially as  lists  of  the  strata  will  be  given  hereafter,  in  describing  the  coast  of 
the  Isle  of  Wight  and  of  Dorsetshire ;  but  shall  confine  myself  to  an  account 
of  the  cliffs,  on  the  west  of  those  represented  in  Mr.  Webster's  Sectional 
View, — which  were  uncovered  to  a  great  extent  during  the  progress  of  the 
buildings  and  improvements  recently  carried  on  between  Hastings  and  St. 
Leonard's  J. 

(80.)  Shore  on  the  West  of  Hastings. — The  anticlinal  line  of  the  ridge 
consisting  of  the   Hastings-sands  runs  inland,   from   the  shore  towards  a 
point  about  60^  west  of  north ;    beginning  on  the  east  of  Hastings,  about 
Lee  Ness  Point,  and  passing  through  Battle,  and  thence  along  a  series 
of  ridges^  to  its  greatest  height  at  Crowborough  Beacon,  on  the  south-west 
of  Tonbridge  Wells.     The  strike,  on  the  west  of  Hastings,  is  not  parallel 
to  the  anticlinal  ridge,  but  oblique  to  it  at  an  angle  of  about  44^,  the  strata 
running  nearly  from  east  to  west,  and  dipping  generally  towards  the  south. 
The  direction  of  the  coast  line  for  a  short  distance,  at  St.  Leonard's,  co- 
incides with  the  strike,  but  from  Hastings  to  the  entrance  of  that  place, 
makes  an  angle  with  it  of  about   10^, — the  line  of  the  shore  running  from 
about  14®  north  of  east,  towards  the  south  of  west ;    and  on  the  west  of 
St.  Leonard's^  the  coast  turns  a  little  towards  the  north  of  west,  and  again 
makes  a  small  angle  with  the  strike.     In  going  along  the  shore,  therefore, 
from  Hastings  towards  Bulverhithe,  the  strata  first  appear  to  be  inclined 

*  Geological  Transactions,  2nd  Series,  Vol.  II.  p.  31,  &c.  For  additional  information  on  the 
Wealden  tracts  in  general,  the  reader  is  referred  to  Mr.  Mantell's  publications ;  Mr.  Lyell's  '*  Prin- 
"  ciples  of  Geology,"  (Srd  edition),  Vol.  IV.  chap.  21  and  23,  pp.165— 191,  219,  &c. ;  and  to 
*'  A  Sketch  of  the  Geology  of  Hastings,"  12mo,  1832,  by  the  author  of  the  present  paper. 

"f*  This  general  section  is  on  the  same  scale  of  relative  height  and  horizontal  distance,  as  all  the 
others  in  Plate  X.  a. ;  but  as  a  correct  estimate  of  the  elevation  is,  in  this  case,  important  to  theory, 
the  heights  are  given  in  true  proportion,  on  the  line  immediately  below,  as  has  been  done  by  Mr. 
Lyell,  in  one  of  his  chapters  on  the  structure  of  the  Wealden. 

%  The  Sections  following  in  the  text,  from  (80.)  to  (90.),  formed  the  substance  of  a  Notice 
read  before  the  Geological  Society,  in  November,  1833  (Proceedings,  vol.  ii.  p.  1.)  >  ^^d  are  here 
introduced  by  the  permission  of  the  President  and  Council. 

Y  2 
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to  the  south  of  west;  then  to  become  horizontal;  and  beyond  St.  Leo- 
nard's^ to  rise  a  little  from  the  sea^ — the  same  beds  recurring  there  in  a  re- 
versed order.  The  Section^  Plate  X.  b^  fig.  2,  which  is  on  a  much  larger 
scale  than  Plate  X.  a.  No.  5,  represents  the  cliffs  here  referred  to,  and 
will  illustrate  the  structure  above  described. 

(81.)  The  top  of  the  great  stratum  of  white  and  nearly  pure  sand,  which 
forms  the  cliff  under  the  castle  at  Hastings,  comes  down  to  the  shore  at  the 
White  Rock,  and  disappears  under  the  sea  on  the  west  of  it.  A  stratum  which 
has  many  of  the  same  characters,  and  seems  to  be  a  continuation  of  that  of 
Hastings,  rises  at  the  bottom  of  the  cliff,  about  350  paces  west  of  the 
church  at  St.  Leonard's ;  all  the  beds  in  the  intermediate  space  being  con- 
sequently higher  in  the  series.  There  is  still  some  obscurity  as  to  their  rela- 
tions^ from  the  effects  of  disturbance ;  and  some  points  are  concealed :  but  the 
following  list  gives  an  approach  to  the  order  of  their  succession,  descending, — 
with  an  estimate  of  the  relative  thickness  of  the  groups,  and  the  places  in 
which  they  are  found. 

Supposed  Groups  of  Strata  on  the  Shore  between  Hastings  and  Galley  Hill. 

Ettimated  Thickness. 
No.  ^  Feet.  Feet. 

L  Sand,  and  sand-rock,  in  large  proportion ;  with  clay,  in  alternate  courses    . .  •  •  150 

a.  Heights  above  and  within  the  entrance  of  St.  Leonard's,  from  Hastings  ,..50 

6.  From  the  archway  at  entrance  of  St.  Leonard's  to  Warriors'  Gate 50 

c.  Space  corresponding  to  the  vacancy  at  Warriors'  Gate  (tliickness  esti-*} 


} 


mated  from  the  horizontal  distance) 

IL  Sand-rock,  clay,  and  Fuller's- earth about  '  75 

a.  Heights  between  Warriors'  Gate  and  the  White  Rock ;  nearly  thus,  in  detail : 


1.  Slaty  clay 8  feet. 

2. .Sand  and  sand-rock.  .20 
8.  Fuller's-earth 2 

4.  Sand-rock 4 

5.  Fuller's-earth 2 

6.  Sand-rock 12 


7.  Dark  sand-rock,  with  lignite. .    2 

8.  Alternations    of  sand-rock, 

sand,  and  sandy  clay,  about 


J25 


75? 
9.  Light  blue  clay,  continued! 
downwards  into  (HL). ...  J 
in.  Sand-rock,  alternating  with  grit,  slaty  clay,  and  clay  iron-ore,  and  including  one  or 

more  layers  of  Endogenites  erosa,  with  numerous  other  fossils. . . .  between  50  and  GO 

a.  Ledge  under  the  White  Rock. 

b.  Strata  in  the  cliff  behind  the  new  Brewery  on  the  east  of  the  White  Rock. 

Endogenites  erosa  in  great  numbers. 
The  connexion  of  a.  and  6.  with  the  light  blue  clay,  (II  9.)  was  not  dis- 
closed :  but  the  whole  group  seems  to  be  the  same  with  III.  c. 

c.  Ledge  of  rocks  under  the  "  Marina"  at  St.  Leonard's. 

d.  Beds  around  St.  Leonard's  church,  and  in  the  cliff  on  the  west  of  it. 

At  these  places  the  grit  and  conglomerate  include  remains  like  those  of  Til- 
gate  Forest. 
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IV.  White  sand,  and  soft  sand-rock,  including  thin  flakes  of  light  grey  clay,  and  some 

portions  of  lignite upwards  of  80 

a.  Cliff  under  the  castle,  Hastings. 

b.  Shore  below,  and  on  the  east  of  the  White  Rock. 

c.  Bottpm  of  the  cliff,  near  the  Sussex  Hotel,  west  of  St.  Leonard's. 

V.  Brownish  sandy  clay,  with  much  lignite,  immediately  beneath  IV ^ .  35 

a.  Under  the  Castle-cliff,  behind  Pelham-place,  Hastings. 

VI.  Yellowish  and  ferruginous  sand,  and  sand-rock,  including  nodules  of  pyrites, 

and  grains  of  reddish  (pisolitic)  oxide  of  iron 

a.  Shore,  about  low-water  mark,  beneath  the  town  of  Hastings. 

b.  Shore  between  St.  Leonard's  and  the  Martello  Tower,  No.  39. 

VII.  Vari^ated  clay  and  sand,  of  various  shades  of  red  inclining  to  purple,  and  1 

light  greenish  grey J 

a.  Heights  west  of  Bopeep. 

6.  Shore  from  Bulverhithe  to  Galley  Hill. 

c.  Similar  beds,  with  granular  oxide  of  iron,  are  found  on  the  east  of  Hastings, 

in  the  bay  of  the  Lover's  Seat,  &c. 


} 


(83.)  The  following  details  respecting  the  strata  just  enumerated  may  be 
worth  preservings  as  the  surface  of  the  cliffs  will  probably  soon  be  concealed. 

I.  a. — The  highest  members  of  this  series  are  partially  exposed  on  the  north  of  the  back 
street,  near  the  eastern  buildings  of  the  Marina  and  the  archway  at  the  entrance  of  St.  Leonard's ; 
from  whence  down  to  the  shore  is  a  series  of  strata,  which  are  horizontal  on  the  line  of  the  strike, 
but  rise  in  reality  towards  the  north,  at  an  angle  between  12?  and  15^.  The  uppermost  beds  con- 
sist of  soft  grey  sand-rock,  with  some  intermixture  of  clay,  and  form  a  total  thickness^of  about 
66  feet  above  the  road.  The  lower  members  are  visible  in  the  back  street,  and  on  the  west  of 
the  houses  are  seen  to  rise  towards  the  west.  The  horizontal  portion  occupies  about  150  paces 
from  west  to  east,  and  afVer  that  space,  in  consequence  of  a  change  in  the  direction  of  the  shore 
towards  Hastings,  a  rise  towards  the  east  begins  to  be  apparent*  The  strata  which  connect  this 
group  with  the  beds  of  clay  around  the  church  hereafter  mentioned  (III.  d.),  have  been  carried 
away  or  are  concealed. 

I.  6. — The  group  next  below  is  partially  seen  on  the  shore  between  St.  Leonard's  and  the 
White  Rock.  Between  the  archway  and  the  vacancy  in  the  range  of  heights,  which  is  called 
Warriors'  Qate^  is  a  low  cliff  about  250  paces  in  length,  and  about  30  feet  high,  which  has  been  cut 
away  to  admit  of  the  erection  of  houses.  It  consists  of  sand -rock,  alternating  with  clay  or  marl ; 
the  beds  of  which  rise  and  disappear  in  succession,  corresponding  altogether  to  a  total  thickness 
of  about  50  feet. 

I.  c, — ^The  opening  at  Warrwr$*  Gate  occupies  a  horizontal  space  of  about  300  paces,  and 
within  it,  on  the  north,  is  a  bank  of  sand-rock  like  the  strata  last  described.  On  the  east  of  this 
opening,  a  low  range  of  grass-covered  cliffs,  from  40  to  about  60  feet  in  height,  extends  without 
interruption  to  the  beginning  of  the  road  over  the  projecting  masses  at  the  White  Rock* ;  and  two 

*  The  storms  during  the  high  tides  of  18S3  and  1834,  had  so  shattered  the  mass  which  bore  the 
name  of  the  White  Rock,  that  very  few  of  the  interesting  appearances  represented  and  described 
by  Mr.  Webster  now  remain,  the  face  of  the  rocks  which  afibrded  them  having  been  either  con- 
cealed or  carried  away.  The  destruction  had  been  such  in  April  1834,  that  the  town  of  Hastings, 
formerly  concealed  by  the  prominence  of  the  shore,  was  then  visible  from  the  entrance  of  St. 
Xeonard's. 


166  Dr.  PiTTON  an  the  Strata  below  the  Chalk. 

remarkable  beds  of  greenish  FuUer's-earth,  in  general  about  two  feet  thick,  but  in  some  places 
much  thicker,  separated  by  about  four  feet  of  sand-rock,  rise  upon  the  road-side,  and  are  continued 
steadily  in  the  face  of  the  cliff,  nearly  to  the  White  Rock,  being,  near  that  place,  more  than  30  feet 
above  the  bluish  clay  (II.  9.)  at  the  bottom.  The  base  of  the  cliffs  here  is  about  20  feet  above  a 
floor  of  rocks  which  is  bare  at  low  water,  and  consists  of  yellowish,  firmly  concreted  sand,  or 
sand-rock,  abounding  in  granular  (pisolitic)  reddish  oxide  of  iron*.  This  granulated  rock  forms, 
hereabouts,  a  ledge  beneath  high-water  mark,  dipping  to  the  west  of  south,  at  an  angle  of  about 
11^,  with  a  strike  towards  a  point  about  6^  or  7^  south  of  east. 

II. — About  120  paces  west  of  White  Rock,  where  the  road  formerly  began  to  rise  over  that 
prominence,  the  cliff  behind  the  new  houses,  about  40  feet  high,  consists  of  a  large  proportion 
of  sand  and  sand-rock,  with  alternations  of  clay ;  and  in  some  places  contains  so  much  lignite, 
in  the  form  of  indistinct  fragments  of  stems  and  portions  of  branches,  as  to  have  a  dark  brown 
or  blackish  hue.  A  bed  of  light  bluish  clay  (II.  9.)  forms  the  lowest  part  of  this  cliff,  and  seems 
to  be  continued  downwards ;  it  probably  corresponds  to  the  beginning  of  the  series  of  beds  of  clay 
&c.,  (III.  c.)  near  the  Church  of  St.  Leonard's. 

On  the  shore  at  low  water,  about  150  paces  west  of  the  place  last  mentioned,  is  a  group  of  beds 
which  are  curved,  so  that  their  dip  is  divergent,  those  on  the  east  dipping  towards  the  south,  at 


f 


♦ 


I 

an  angle  of  about  10^ ;  they  consist  of  sand-rock,  and  may  possibly  be  continuous  with  the  sloping 
bed  at  the  White  Rock,  shown  in  the  section,  and  inferior  to  the  bluish  clay  of  II.  9.  Other  ap- 
pearances indicate  that  this  has  been  the  scene  of  some  derangement^  so  that  the  relations  of  the 
beds,  above  described,  to  those  under  the  White  Rock  and  on  the  west  of  it,  are  still  doubtful:  the 
whole  series,  however,  is  nearly  conformable,  and  almost  continuous  with  the  rest  of  the  strata 
towards  St.  Leonard's. 

On  the  east  and  south  of  the  nook,  in  which  is  the  light  bluish  clay,  II.  9.  a  bed  of  browiiish 
sand-rock  about  10  feet  thick,  immediately  adjoins  the  road,  dipping  to  the  south  of  west,  at  a 
much  more  rapid  inclination  (about  1 8^)  than  that  of  the  adjacent  strata.  This  bed,  neverthe- 
less, may  be  a  continuation  of  those  which  form  the  curve  represented  above ;  and  its  present 
position  may  have  been  the  result  either  of  subsidence,  which  has  caused  it  to  fall  away  from  the 
apparently  continuous  mass  of  strata  within  it  on  the  north,  or  of  some  more  extensive  derange- 
ment of  the  coast  at  this  place. 

III.  a, —  White  Rock  Ledge.  —The  great  ledge  visible  upon  the  shore  at  low  water,  to  the  solidity 
of  which  the  prominence  of  the  White  Rock  (so  long  as  it  remained)  was  to  be  ascribed,  rises 
beneath  the  sea,  about  200  paces  to  the  east  of  the  rock,  and  seems  to  be  continued  for  a  consider- 
able distance  in  that  direction.  A  series  of  conformable  strata  of  sand-rock,  concretional  grit,  and 
slaty  clay,  here  occupies  the  whole  space  between  high-  and  low-water  mark,  for  more  than  1 00 

*  This  stratum  I  did  not  see  in  these  cliffs :  but  granular  oxide  of  iron  abounds  in  those  on  the 
east  of  Hastings,  and  seems  to  be  very  generally  diffused  in  a  lower  part  of  the  series.  The 
grains  which  I  have  here  called  Pisolitic,  seem  to  have  existed  originally  in  the  form  of  iron 
pyrites  ; — of  which  substance  globules  of  various  sizes  from  that  of  pistol  bullets  downwards, 
are  still  found  on  the  sand-rock  at  St.  Leonard's.  The  origin  of  the  ore  of  iron  to  which  the  name 
of  Pisolitic  has  been  applied,  is  ascribed  by  Haidinger  to  the  decomposition  of  pyrites. — Trans- 
lation of  Mobs*  Mineralogy,  vol.  ii.  p.  412. 
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paces ;  with  a  strike  to  about  20^  east  of  south,  and  dip  to  the  west  of  south :  and  this  remarkable 
group  contains  in  some  places  pisolitic  grains  of  reddish  oxide  of  iron,  disseminated  in  yellow 
sand-rock,  like  that  which  is  found  in  the  strata  beneath. 

III.  6. — ^The  beds  in  the  upper  part  of  the  cliff  behind  the  Brewery  are  a  continuation  of  part  of 
the  group  upon  the  shore  (III.  a.),  and,  like  it,  contain  great  numbers  of  the  singular  fossil  which 
has  been  called  Endogenites  erosa.  They  are  probably  the  same  with  those  of  III.  c.  which  rise  on  the 
shore  under  the  Marina  at  St.  Leonard's,  of  which  an  extensive  section  was  exposed  in  excavating 
the  site  of  the  church ;  and  both  groups  are  interesting,  for  their  apparent  identity  with  the  Tilgate 
strata,  which  have  furnished  to  Mr.  Mantell  an  almost  inexhaustible  store  of  extraordinary  fossil 
remains. 

Beds  of  the  Group  {III.  b.)  in  the  Cliff  on  the  North-east  of  the  Whke  Rock. 

Ft  In. 

1.  Earthy  brown  sand-rock,  about 

2.  A  group,  about  10  feet  in  average  thickness,  composed  as  below. 

tt.  Sand  in  tliin  courses,  alternating  with  clay,  which  includes  Cyclades. 
The  sand  passes  into  grit,  and  in  some  instances  also  abounds  in 
CycUu  media  in  the  state  of  pulverulent  carbonate  of  lime.  From  the 
different  hue  of  the  sand  and  clay,  the  cross  fracture  is  perceptibly 
striped  in  very  thin  layers ;  and  in  the  darker  beds  the  surfaces  of  the 
clay  are  often  dotted  with  white  specks,  the  sections  of  very  small  cylin- 
drical cavities,  now  filled  with  very  fine  sand  or  clay,  which  seem  to 
have  passed  through  several  of  the  adjacent  folia,  vertically  or  obliquely 


Fl  In. 
%     0 


,2     0 


4     0 


3. 
4. 


/3.  Thin  courses  of  subcalcareous  grit,  alternating  with  bands  of  clay.  The 
grit  is  in  small  concretional  masses,  often  not  more  than  half  an  inch 
in  thickness,  which  thin  off  to  an  edge.  On  the  surfaces  adjoining  the 
clay  are  very  numerous  Cyclades 

7.  Flat,  nodular  masses  of  argillaceous  iron  ore,  containing  Cypris.   In  the 

fallen  debris  are  fragments,  apparently  firom  this  place,  which  contain  ^3     0 
also  clusters  of  Paltidina  elongata  in  great  numbers    

3.  Soft  argillaceous  sand-rock,  alternating  with  thin  layers  of  darker  day,  1 
and  including  some  portions  of  iron  ore about  J 

e.  Alternate  layers  of  grey  sandy  clay,  and  yellowish  ferruginous  sand-rock, 

passing  into  grit,  and  including  the  remains  of  Endogenites  erosa.  Vl     6 
This  and  the  succeeding  stratum  very  much  resemble  (6.)  above 

;.  Light  greenish  grey  sand,  passing  into  grit,  and  alternating  with  clay, 

as  in  (5.).  This  bed  contains  Paludinajluviorumf  and  Cyclas  media,  in  Y  ft     0 
great  numbers 

Yellowish  sand-rock,  with  ferruginous  stains,  passing  in  some  places  into  grit.. 

Slaty  clay,  alternating  with  yellowish  and  brown  sand,  and  including  remains 
of  leaves  and  stems,  in  the  state  of  lignite,  generally  about  i^th  of  an 
inch  in  thickness.  The  lignite  is  divided  into  rhomboidal  portions, 
separated  by  thin  partitions  of  clay,  which,  when  the  coaly  mtftter  is 
removed  by  decomposition,  have  a  deceptive  resemblance  to  organic  struc- 
ture.   This  group  passes  insensibly  Into  (5.) ? 


14 
3 


0 
0 
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FU  In.     Ft  In. 

5.  Uniform  sand,  with  alternations  like  those  described  above,  (2.  6.  and  2,  e.). 
Continued  nearly  to  the  bottom  of  the  cliff,  where  the  rock  is  a  fine  uniform 
white  sand-rock,  like  that  of  the  great  cliff  at  Hastings. 
The  distance  from  the  bottom  of  5.  to  the  base  of  the  cliff,  is  about   45     0 

The  total  height  of  the  cliff  being about  65     0 

The  foregoing  divisions  are  evidently  arbitrary.  In  a  general  view,  this  section  may  be  said 
to  consist  of  rather  more  than  50  feet  of  thinly  stratified  sand  and  clay,  with  grit  in  concretions; 
including,  at  the  upper  part,  a  stratum  of  darker  colour,  about  12  feet  thick,  near  the  middle  of 
which  the  remains  of  Endogenites  are  found. 

(83.)  The  rock  composed  of  alternating  layers  of  sand^  and  darker  sandy 
clay^  No.  3.  a.  of  the  preceding  list^  constitutes  a  large  proportion  both  of  the 
Weald  clay  and  the  Hastings  sands ;  and  a  similar  alternation  of  sand  and 
clay  of  different  hues  and  consistency^  extends  upwards  beyond  the  limits 
of  the  Wealden^  into  the  Lower  green-sand.  When  the  masses  of  the  rock 
are  dry^  the  structure  is  less  conspicuous^  but  it  becomes  beautifully  appa- 
rent when  they  are  moistened.  The  delicacy  and  distinctness  of  the  folia 
which  are  then  seen  in  the  cross  fracture  of  the  beds^  are  very  remarkable; 
the  separate  leaves  being  frequently  as  thin  as  paper,  yet  perfectly  di- 
stinguishable, from  their  different  alternating  shades  of  greenish  grey; 
and  commonly  continued  with  great  regularity  for  considerable  spaces; 
a  structure  clearly  indicating  very  tranquil  deposition,  such  as  might  be 
expected  in  a  fluid  suspending  solid  matter  divided  to  extreme  minute- 
ness, yet  subject  to  frequent  changes  at  nearly  equal  intervals;  which 
may  well  be  conceived  to  have  taken  place  in  the  waters  of  a  lake  or  estuary, 
at  different  seasons,  or  during  different  conditions  of  the  waters, — if  it  be 
going  too  far  in  theory  to  suppose  the  minuter  laminae  to  have  been  the  pro- 
duce of  successive  tides. 

(84.)  The  continuity  of  the  ledges  of  rock  under  the  Marina  at  St.  Leo- 
nard's, with  those  of  the  shore  under  the  White  Rock,  is  rendered  more  pro- 
bable by  the  occurrence  of  the  Endogenites  erosa  in  both*.  The  principal 
ledge  at  the  former  place  is  very  conspicuous  on  the  shore  at  low  water,  and 
is  one  of  the  most  remarkable  geological  features  on  the  west  of  Hastingsf . 
The  following  are  the  beds  of  which  it  is  composed: 

*  I  did  not  myself  see  this  fossil  at  St.  Leonard's;  but  Mr.  Woodbine  Parish,  jun.,  informed 
nie  that  the  specimen  represented  in  fig.  8,  Plate  XIX.,  was  obtained  at  the  foot  of  the  clifTaround 
the  churcli. 

t  These  prominent  ledges  are  precisely  analogous  to  those  whicli  occur  in  the  Hastings  sands 
on  the  south  coast  of  the  Isle  of  Wight,  where  several  reefs  of  rocks  run  out  almost  directly  into 
the  sea,  and  have  obtained  separate  names  from  the  inhabitants.  On  the  Sussex  coast  they  are  less 
conspicuous,  from  the  more  rapid  dip  towards  the  sea,  and  the  obliquity  of  the  strike  to  the  line 
of  the  coast;  but  many  more  such  ledges  do  exist,  between  the  flat  near  Pevensey  and  Cliff-end, 
about  midway  between  Hastings  and  Winchelsea  : — see  hereafter,  (95.) 
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Beds  of  the  Group  {IIL  c.)  composing  the  Ledge  an  the  Shore  beneath  St.  Leonardos. 

1.  Hard,  subcalcareous,  greenish  grit,  full  of  fossils;  chiefly  Cyclades,  with  Paludinae,  1 

and  some  large  Uniones J        ^       q 

A  thick  and  nearly  continuous  stratum,  very  like  the  stone  of  Hollington  about 
2^  miles  north-west  from  Hastings ;  its  structure,  however,  like  that  of  the 
White  rock,  is  distinctly  concretional.  The  top  of  the  concretions,  when  ex- 
posed and  washed  by  the  sea,  exhibits  beautifiilly  the  minute  stratification  of 
the  original  sand ;  and  the  globular  masses  on  the  underside  project  into  the 
sand  (2.)  below.  The  stone  is  traversed  nearly  at  right  angles  by  veins  of  cal- 
careous spar,  and  includes  portions  of  trees,  converted  into  lignite.  It  is  asso- 
ciated also  with  patches  of  a  looser  conglomerate,  consisting  chiefly  of  rounded 
grains  of  whitish,  nearly  opake,  quartz,  including  the  teeth,  scales,  and  bones  of 
fishes,  and  of  a  species  of  Trionyx  ?.  The  strike  of  this]]stratum  is  about  10^ 
south  of  east,  and  the  dip  towards  the  west  of  south,  at  an  angle  of  about  ll^'. 

2.  Yellowish  sand-rock,  abounding  in  impressions  of  Cyclades,  and  also  resembling  1 

part  of  Hollington  group   J 

3.  A  band  of  slaty  argillaceous  iron  ore     ,  0  3 

4.  Slaty  clay,  with  numerous  shells,  chiefly  Cyclades  and  Cypris • 0  9 

5.  Continuous  band  of  iron  ore ;  like  3,  above 0  2 

Total  about ^8       0 

6.  Slaty  clay  with  Cyclades  and  Cypris ; 

III.  J. — ^The  group  last  mentioned  must  be  continuous  with  that  in  the  height  to  the  westward, 
although  the  connexion  is  at  present  concealed ;  for  a  line  from  the  point  where  the  grit  rises  from 
the  shore,  would  reach  the  base  of  the  vertical  cliff  near  the  church*, — where  slaty  clay,  with  grit 
and  aandrock,  occupy  a  thickness,  according  to  the  quarrymen,  of  more  than  70  feet.  The  same 
strata  then  rise  gradually  westward,  and  disappear  about  700  paces  west  of  the  church.  Several 
quarries,  concealed  from  below  by  a  terrace-like  projection,  have  been  opened  for  the  extraction  of 
the  grit  near  the  top  of  these  western  heights :  and  a  hard  sparry  conglomerate,  immediately 
beneath  the  more  uniform  stone,  has  afforded  many  of  the  Tilgate  fossils ;  a  large  collection  of 
which,  presented  to  the  Geological  Society  by  Mr.  Woodbine  Parish,  includes  specimens  of  bones 
and  teeth  of  the  Iguanodon,  scales  and  other  remains  of  Lepisosteus,  and  shells  of  the  genera  Palu- 
dina  and  Cyclas  in  profuse  abundance.  The  cliff  here  may  be  about  90  feet  in  height,  and  its 
base  about  25  feet  above  low-water  mark. 

List  of  Beds  composing  tlie  Group  (IIL  d.)  at  the  Churchy  St.  Leonardos. 

Ft.       In.  Ft      In. 

1.  Soft  sand-rock  at  the  top  of  the  hill  (visible)   6       0 

2.  Greenish  grey  sand 2       0 

*  The  dip,  however,  of  the  strata  in  this  cliff,  is  not  to  the  south,  like  that  of  the  ledge  under 
the  Marina,  but  northwards;  so  that  it  is  not  impossible  that  there  may  be  here  some  local 
derangement,  though  I  saw  no  indications  of  it  on  the  shore.  I  had,  however,  an  opportunity,  in 
an  early  stage  of  the  improvements  at  St.  Leonard's,  of  seeing  what  may  have  been  a  fault,  in 
the  rising  ground  on  the  west  of  the  Assembly  Rooms,  which  was  then  opened  in  preparing  the 
foundations  of  some  houses.  The  surface  thus  exposed  was  nearly  at  right  angles  to  the  coast, 
and  consisted  of  sand-rock,  over  greenish  clay  or  Fuller's  earth,  in  regular  strata,  dipping  north, 
about  20®  east :  while  immediately  without,  and  separated  by  a  distinct  vertical  line  or  crack, 
was  a  mass  of  clay ; — which,  however,  may  have  been  brought  into  that  situation  by  subsidencci  as 
the  place  is  close  to  the  shore. 
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d.  P eddish,  and  purple  sandy  clay ;  thickness  not  ascertained 

4.  Blue  and  grey  slaty  clay,  about 

5.  Greenish  Fuller's-earth 

6.  Dark  shale % 

7.  Band  of  iron*stone 

8.  A  band  of  clay  iron-stone  and  slaty  clay 

9.  Slaty  clay  approaching  to  clay  iron-stone 

10.  Firmer  slaty  clay  including  small  flat  nodules  of  iron-stone  with  numerous 

largeCyclades 

11.  Hard  grit,  about 

12.  Soft  sand-rock,  in  d  or  4  courses 

Id.  Firm  sandy  clay,  with  Cyclades ;  firmer  and  more  sandy  at  bottom. . . . 

14.  Yellow  and  reddish  sand  (or  very  soft  sand-rock),  in  very  thin  alter- 

nating courses 

15.  Soft  sand-rock,  resembling  the  last  but  of  lighter  colour.  This  seems  to 

go  down  to  the  base  of  the  church.    Visible,  about 

16.  A  bed  of  firm  sand-rock  (immediately  on  the  east  of  the  church),  about 

1 7.  Thin  beds  of  slaty  clay ;  with  interposed  layers,  or  thin  masses,  nearly  con- 

tinuous, of  clay  iron-stone,  including  layers  of  Cyclades.  Visible  about 


Ft 

Id. 

Ft      In. 

• 

20       0 

2 

0 

2 

0 

0 

4 

17       0 

2 

0 

to 

0 

6 

20       0 

10 

0 

1  6 

2  6 
5       6 

1  0 

9  0 

2  0 

6  0 


Total  thickness  (visible) •  •     70      0 

The  strata  in  the  roadside  on  the  east  of  the  church  dip  towards  the  east  of  south,  at  an  angle 
of  about  10^  to  the  horizon  ;  but  behind  the  church  the  dip  is  3  in  40  (or  about  4^),  towards  the 
north. 

The  following  is  an  approximate  list  of  the  strata  in  the  cliff  on  the  west  of  the  Sussex  Hotel, 
between  the  bottom  of  the  group  last  mentioned  (III.  d.\  and  the  White  sand-rock  IV. ;  cor- 
responding therefore  to  the  strata  on  the  east  of  the  White  Rock,  beneath  the  group  III.  a.,  which 
contains  the  Endogenites.   The  measures  exceed  the  truth,  but  the  proportions  are  probably  correct. 


Fl 


1 .  Brown  sand-rock about  40 

2.  Sand-rock  with  clay,  including  Cyclades,  about 6 

3.  Beds  of  darker  hue,  apparently  consisting  of  clay  and  sand    10 

4.  Dark  yellowish  brown  sand-rock    6 


In. 
0 

0 

0 

0 


5.  Very  white  sand-rock,  or  slightly  coherent  sand,  occupies  about  30  feet  at  the  hot-  - 
torn  of  the  cliff,  and  is  continued  downwards.     The  femur  of  an  Iguanodon  was 
found  in  this  stratum  


70       0 


30 


Total  about 100       ( 

IV. — In  the  space  between  the  base  of  the  cliff  at  the  Brewery  and  the  Castle-hill,  all  the  bee 
have  been  carried  away.     But  the  great  white  sand  bed  IV.  a.  ^  b,  is  itself  visible  at  high-wat 
mark  immediately  below  the  middle  point  of  the  White  Rock ;  and  thence  to  the  place  where  t 
road  to  Hollington  is  cut  through  this  stratum.     From  the  Castle-hill,  where  it  is  at  least  80  f 
thick,  it  is  continued  with  perfect  uniformity  of  character  to  the  top  of  Fairlight  Down*. 

*  The  massive  beds  of  scarcely  concreted  sand  around  Tonbridge  Wells, — on  the  Race-gro' 
at  Rusthall-comraon,  and  in  the  heights  of  Frant  and  Eridge-park,  appear  to  be  a  continuatic 
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IV.  c. — The  white  sand-rock  above  supposed  to  be  a  continuation  of  that  on  the  Castle  cliff,  pro- 
bably rises  on  the  shore  under  St.  Leonard's  church,  but  is  not  visible  in  the  diff,  till  it  reaches 
a  spot  on  the  east  of  the  Sussex  Hotel,  where  caves  have  been  cut  in  the  mass  of  almost  Uniform 
sand,  not  to  be  distinguished  from  that  of  Hastings.  It  would  be  very  desirable  to  ascertain  by 
experiment  whether  marine  salt  exists  in  this  deposit. 

V. — Immediately  below  the  sand-rock  (IV.),  at  the  western  extremity  of  the  Castle  rock,  is  a 
thickness  of  about  35  feet,  of  dark  brownish,  tough,  sandy  clay,  including  lignite  in  considerable 
quantity,  some  of  the  continuous  pieces  being  several  feet  in  length.  This  group  goes  down  to  the 
level  of  the  road  or  street ;  and  thence  to  low  water  mark,  a  space  about  20  feet  in  thickness  is 
concealed.  But  under  the  Parade  on  the  east  of  Pelham-place,  a  floor  of  grey  sand-rock,  is  exposed 
at  low  water,  the  strike  of  which  seems  to  be  nearly  from  east  to  west.  It  includes  crusts  and 
patches  of  brown  oxide  of  iron  ;  and  is  traversed  by  two  sets  of  cracks,  one  running  nearly  north 
and  south,  the  other  from  the  north  of  east  to  south  of  west,  which  divide  the  surface  into  nearly 
rhoinboidal  portions,  with  angles  of  72°  and  108°. 

VII. —  Cliffs  on  the  West  of  St.  Leonardos, — The  line  of  the  coast  at  St.  Leonard's  coincides  with 
the  strike  for  about  200  paces  west  of  the  arch  at  the  entrance  to  that  place ;  and  the  strata  at  the 
water  level  appear  to  be  horizontal ;  but  about  400  paces  west  of  the  Sussex  Hotel,  the  heights 
turn  inland  towards  the  north  of  west;  so  that  the  strata  in  the  retiring  portion  of  the  cliff  are  lower 
in  the  series  than  those  upon  the  shore.  They  agree  with  those  which  are  visible  at  low  water  be- 
neath the  town  of  Hastings,  and  with  the  lower  strata  in  the  cliffs  around  the  shallow  bay,  or  covci 
at  the  Lover's  Seat. 

VII.  a. — ^The  cliff  west  of  the  Church  is  continued  for  some  distance  at  an  uniform  height  of 
about  100  feet.  It  becomes  lower  in  approaching  Bopeep ;  and  at  a  point  where  it  turns  inland, 
between  200  and  300  paces  east  of  the  Martello  Tower  No.  39,  is  a  floor  of  sand-rock,  at  low- 
water  mark,  full  of  grains  of  oxide  of  iron,  like  that  of  the  coast  to  the  eastward ;  the  strike  being 
towards  the  east  about  25^  south;  and  the  dip  east  of  north,  at  an  angle  of  about  11^.  The  upper 
part  of  the  cliff  at  this  place,  which  is  about  40  feet  high,  is  composed  of  brown  sand- rock,  in  beds 
from  2  inches  to  6  in  thickness.  A  grass-covered  height,  of  less  elevation,  occurs  immediately  on 
the  west  of  Bopeep,  and  the  rock  exposed  there  to  a  thickness  of  about  10  feet,  consists  of  reddish 
sandy  marl  (VII.  a.),  not  distinguishable  from  the  Red  marl  of  Devonshire.  A  low  flat  hill  about 
300  paces  west  of  the  Tower  No.  40^  consists  for  about  20  feet  at  the  top,  of  sand  alternating  with 
clay,  in  beds  dipping  very  gently  to  east  of  north. 

VII.  6. — At  the  east  end  of  the  cliff  at  Bulverhithe,  on  which  stands  the  Tower  No.  43,  the 
beds  dip  regularly  about  east  30^  north,  at  an  angle  of  about  1^.  Thence,  along  the  shore,  to  the 
Tower  upon  Galley-hill  (No.  44.),  strata  of  reddish  sandy  clay  or  marl,  variegated  with  light 
tea-green,  are  very  well  disclosed,  declining,  towards  the  east,  at  an  angle  between  2^  and  3^ : 
and  above  these  coloured  marls,  is  brownish  sand-rock,  about  50  feet  thick. 

this  stratum  of  Hastings.  On  the  north  of  those  great  beds,  and  above  them,  is  a  group  com- 
posed of  thin,  alternate  beds  of  sand-rock  and  slaty  clay,  in  many  respects  resembling  that  of  the 
Brewery  near  the  White  Rock.  These  upper  beds  are  quarried  at  Huntley's  Farm,  about  a  mile 
west  of  the  northern  entrance  of  Tonbridge  Wells ;  where  they  abound  in  Cyclades,  Paludinae,  and 
Cypris  Valdensis  (C  Faha  of  Min.  Conchology),  and  include  the  remains  of  several  plants,  among 
which  are  SpJuenopteris  Mantellii,  and  a  new  species  of  fern,  represented  in  the  wood-cut  at  p.  181. 
The  relations  of  the  strata  at  this  place,  and  in  the  tract  on  the  north  of  it,  towards  the  valley  of 
the  Weald,  are  well  deserving  of  attentive  examination :  I  am  indebted  to  the  Rev.  Mr.  Pope  of 
Tonbridge  Wells,  for  having  pointed  them  out  to  me,  and  for  a  collection  of  specimens  obtained 
there  by  himself. 
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On  the  west  of  Galley-hill,  the  strata  in  the  banks,  which  scarcely  can  be  called  difi,  are  in- 
clined slightly  to  the  west  of  south;  and  the  flat  shore,  near  Cowden  Point,  consists  of  beds  of  day 
and  sandy  day,  varying  in  colour  from  dark  to  bright  blue,  declining  very  gently  towards  the 
south-west,  and  extending  outwards  to  some  distance  under  the  sea,  with  a  strike  towards  a  point 
about  16^  south  of  east.  Under  the  Martello  Tower,  No.  51,  about  four  miles  west  from  Galley- 
hill,  is  sand-rock,  with  ferruginous  seams,  and  thin  alternating  beds  of  clay,  slightly  inclined  to  the 
west ;  from  their  situation  not  improbably  one  of  the  groups  subordinate  to  the  Weald*day  men- 
tioned by  Mr.  Martin. 

(85.)  Endogenites  erosa. — In  cutting  down  the  cliff  on  the  east  of  the 
White  Rock^  immediately  within  the  site  of  the  new  Brewery,  larg^  sur- 
faces of  the  several  strata  were  successively  laid  bare ;  and  I  was  so  fortunate 
as  to  visit  the  place  when  one  of  them  was  exposed,  which  contained  a  great 
number  of  the  singular  fossil  bodies  to  which  the  name  Endogenites  erosa 
has  been  given,  and  to  see  some  of  them  in  their  original  position  before 
they  were  disturbed.  The  workmen  assured  me  that  the  fossils  had  been  still 
more  numerous  in  a  portion  of  the  same  strata  cut  away  not  long  before. 

The  place  in  the  series,  of  the  strata  which  include  these  fossils,  has  been  already  mentioned 
(p.  16i-8.).  I  observed  but  one  line  in  the  face  of  the  diff  which  seemed  to  afford  them,  about 
6  feet  from  the  top  of  the  group  III.  6.  (81.)  and  (82.),  which  was  about  10  feet  in  total  thickness. 
The  workmen  told  me,  however,  that  some  were  afterwards  found  at  a  short  distance  below,  where 
the  strata  were  still  nearly  the  same.  I  did  not  find  any  specimens  of  the  fossil  upon  the  shore ;  but 
fragments  are  frequently  washed  up  by  the  sea  in  the  neighbourhood  of  this  place ;  and  I  saw  a  very 
large  specimen  in  the  face  of  the  bank,  on  the  side  of  the  road  over  Cuckoo  HiU,  which  joins  that 
from  HoUington  to  Hastings.  Mr.  Woodbine  Parish  obtained  one,  (Plate  XIX.  fig.  8.),  which  was 
dug  out  in  his  presence  near  the  Church  at  St.  Leonard's.  Their  occurrence  at  Tilgate  Forest,  where 
they  were  discovered  by  Mr.  Mantell,  has  been  mentioned  in  the  Geological  Transactions  and  in  his 
own  publications*;  and  Mr.  Martin  mentions  the  Endogenites,  as  having  been  found  near  Mulsey, 
in  Western  Sussex,  in  the  first  course  of  sand  with  reddish  clay,  subordinate  to  the  Weald-clay, 
and  above  the  Sussex  maiblef.  There  can  be  little  doubt  that  when  the  corresponding  beds  in 
other  parts  of  the  Wealden  district  have  been  examined,  they  will  be  more  extensively  discovered. 

The  rapid  change  of  character  in  the  beds  of  this  formation  appears  from  the  fact,  that  the 
great  concretions  of  grit,  several  feet  in  length,  and  2ot  S  feet  in  thickness,  which  are  found  upon 
the  shore  to  the  westward,  do  not  occur  in  this  cliff,  though  not  more  than  200  paces  distant ;  their 
place  being  apparently  supplied,  in  the  strata  above  those  which  include  the  Endogenites,  by  nodular 
masses  of  hardened  sand-rock.  The  bed  III.  b.  2.  e.  (p.  167.)  which  includes  these  fossils,  passes 
both  above  and  below  into  the  adjacent  strata,  but  has  in  general  a  darker  hue.  The  fossils  were 
closely  enveloped  in  a  mass  of  slightly  coherent  sandy  clay  ;  and  1  was  enabled,  with  care,  to 
preserve  some  specimens,  (one  of  which  is  represented  in  Plate  XIX.  fig.  4.  a.  and  6.)  with  part  of 
the  surrounding  rock  still  adhering,  as  a  proof  that  the  coating  of  coal  by  which  the  nudeus  was 
invested  had  never  been  of  greater  thickness,  and  that  the  whole  of  it  was  retained. 

(85.)  All  the  specimens  of  this  singular  fossil  which  I  saw,  lay  with  their 

♦  Geol.  Trans.,  2nd  Series,  vol.  i.,  p.  423; — and  Mantell's  Fossils  of  Tilgate,  p.  54. 
t  "  Memoir  "  &c.  p.  41,  note  J. 
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longer  diameter  and  their  flatter  surfaces  in  the  horizontal  position.  Their 
appearance  when  first  uncovered  by  the  removal  of  the  rock  abovCj  was 
that  of  elongated  and  flattened  elliptical  bodies,  tapering  at  both  extremities  ; 
as  represented  in  fig.  1.  of  the  subjoined  wood-cut.  They  consist  of  two 
distinct  portions ;  a  stony  nucleus,  of  a  dark  brownish  grey  colour^  with  a 
very  slight  tinge  of  purple ;  and  a  crust  or  case,  in  the  state  of  lignite, 
which  has  externally  a  nearly  uniform  surface,  and  varies  in  thickness,  in 
different  specimens,  and  in  difTerent  parts  of  the  same  specimen,  from 
about  tV  to  ^  an  inch.  This  crust  becomes  thicker  near  the  extremities  of 
the  nucleus,  and,  in  many  instances,  extends  considerably  beyond  it,  in  a  sort 
of  appendage  at  both  ends;  but  in  other  specimens  of  smaller  size  these 
appendages  do  not  appear  to  have  existed.  The  annexed  wood-cut  explains 
the  structure  of  one  of  the  laigest  specimens,  and  shows  the  relative  propor- 
tion of  the  parts  ;  and  the  figures  in  Plate  XIX.  show  some  of  the  principal 
varieties  of  form  which  the  fossil  has  hitherto  presented. 


Fig.  1  of  the  wood-cut  on  this  page  represents  the  external  appearance  of  the  entire  fossil,  as 
seen  frotn  above  ;  the  situation  of  the  nucleus  being  indicated  by  an  obscure  dotted  line.  Fig.  2 
is  a  longitudinal  and  vertical  section,  on  the  axis  or  line  a,  b ;  and  fig.  S,  a  transverse  vertical 
KCtion,  on  the  line  c,  d ;  showing  the  proportion  of  the  coating  to  the  nucleus. 

The  figtires  in  Plate  XIX.,  which  are  on  a  tcale  of  one  sixth,  in  diameter,  of  the  natural  dimen- 
sions, are  intended  to  represent  some  of  the  forms  of  the  complete  fossil,  and  of  the  nucleus  when 
divested  of  its  coating  of  coal.  They  are,  however,  from  necessity  so  much  reduced,  as  to  con- 
vey but  a  very  imperfect  impression  of  the  bulky  objects  which  they  represent. 

Fig.  1  represents  the  greater  part  of  a  very  large  nucleus,  of  which  only  one  of  the  extremities 
seems  to  be  wanting.  The  reniaining  extremity  is  of  irregular  shape,  as  if  it  had  been  broken ; 
and  the  specimen  is  much  compressed  in  the  middle.  Fig.  2  is  a  nucleus  apparently  complete, 
tapering  towards  oite  extremity,  nearly  as  may  he  supposed  to  have  been  the  case  in  the  part 
which  is  wanting  in  Fig.  1.  Fig.  3,  a  and  b,  are  horizontal  and  side  views  of  a  much  smaller 
specimen,  still  retaining  its  coaly  covering,  with  part  of  the  smooth  surface,  hereafler  mentioned. 
Fig.  4  is  a  larger  specimen,  with  some  of  the  sandy  clay  in  which  it  was  imbedded  still  adhering, 
the  laminte  of  which  are  curved  as  if  they  had  adapted  themselves  to  its  form.     The  specimen 
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retains  the  greater  part  of  its  covering  of  coal,  which  has  a  smooth  outer  surface,  of  a  light 
brown  or  drab  colour :  and  at  the  lower  part,  a  portion  of  the  coal  has  been  drawn  away  from 
the  nucleus,  apparently  by  the  contraction  of  the  investing  matter  to  which  it  strongly  ad- 
heres. One  end  of  the  specimen,  where  a  portion  has  been  accidentally  broken  off  at  &,  shows 
the  proportionate  thickness  of  the  coating  to  the  nucleus  within.  Fig.  5  is  a  smaller  nucleus, 
nearly  complete,  very  short  in  proportion  to  its  width.  Figs.  6  and  7  are  sections  of  speci- 
mens broken  across,  and  exhibiting  the  flat  surface  of  the  fracture  in  tlie  nucleus,  with  the 
proportion  of  the  coaly  covering,  and  the  porous  structure  of  the  nucleus.  Fig.  8  is  the  nucleus 
of  a  large  specimen  found  by  Mr.  Woodbine  Parish,  in  the  strata  near  St.  Leonard's  Church. 
It  is  remarkable  for  the  compressed  appearance  of  one  extremity,  and  seems  to  have  been 
originally  longer  in  that  direction.  It  still  retains  a  portion  of  the  investing  coal,  and  of  the 
smooth  outer  surface  of  that  coating,  but  the  greater  part  has  been  removed  or  disturbed. 
Fig.  9  is  taken  from  a  specimen  from  Tilgate  Forest,  presented  to  the  British  Museum  by  Mr. 
Mantell,  which  is  remarkable  for  its  length,  its  nearly  cylindrical  figure,  and  the  acute  tapering 
of  the  extremity.  The  superficial  furrows  also,  in  this  specimen,  are  deeper  and  much  larger 
than  in  the  greater  number  of  the  nuclei  found  near  Hastings*;  but  in  this  respect  it  is  approached 
by  Figs.  1  and  2.  Fig.  10  represents  rather  more  than  one  half  of  a  complete  nucleus,  of  the 
natural  size :  the  upper  surface  of  a,  of  which  fig.  6  is  a  separate  representation,  showing  the 
appearance  of  a  fracture  on  the  line  of  the  longer  axis. 

(86.)  The  size  of  the  diflferent  specimens  varies  considerably.  The  largest 
that  I  saw  in  its  place^  and  from  which  the  foregoing  wood-cut  was  taken^  must 
have  been  in  the  whole  full  nine  feet  long ;  but  there  were  portions  of  other 
nuclei  of  greater  size^  among  the  fallen  specimens  previously  dug  out.  The 
lignite  at  one  extremity  was  three  feet  in  length;  the  nucleus  4i  feet;  and  the 
workmen  assured  me  that  the  coal  at  the  other  end  extended  to  about  18 
inches.  The  width  in  the  middle  was  12  inches^  and  the  greatest  thickness 
4  inches.  Another  specimen^  which  had  been  for  some  time  exposed  to  de- 
composition^ was  about  7i  feet  long ;  the  nucleus  about  55  feet,  with  about 
12  inches  of  lignite  remaining  at  each  extremity ;  and  from  these  dimensions 
there  seem  to  have  been  gradations  down  to  a  few  inches  in  length.  The 
nucleus  of  the  smallest  specimen  that  I  obtained,  which  is  represented,  of  its 
natural  size,  in  Plate  XIX.,  (ig.  10,  is  not  more  than  3  inches  long,  and  about 
2  inches  wide;  yet  the  external  figure  is  complete,  and  the  internal  tubes  are 
not  smaller  than  most  of  those  in  the  largest  masses. 

(87.)  The  original  form  of  this  vegetable  was  probably  cylindrical;  and 
that  shape  is  still  retained  in  a  large  specimen  of  a  nucleus  from  Tilgate 
Forest,  now  in  the  British  Museum  ;  Plate  XIX.,  fig.  9  :  but  in  the  majority 
of  the  specimens  the  figure  has  evidently  been  compressed,  and  the  section 
is  now  an  oval  variously  modified;  figs.  6,  7,  10.     In  those  represented  in 

*  Since  this  sheet  lias  been  at  the  press,  I  find,  on  examining  several  other  specimens  in 
Mr.  Mantell's  museum,  that  the  uncompressed  figure  and  greater  size  of  the  external  tube-like 
furrows,  are  general  characters  of  this  fossil  at  Tilgate  Forest. 
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figs.  2  and  9^  the  extremity  is  more  acute  than  in  the  gpreater  number  of  the 
specimens.  In  a  few  instances  (as  in  fig.  8^  and  less  obviously  in  figs.  %, 
and  1^)  the  nucleus  seems  to  have  been  suddenly  reduced  in  thickness  near 
the  broader  end ;  but  no  specimen  of  this  form  was  observed  in  situ.  None  of 
the  specimens  exhibited  the  tapering  figure^  somewhat  like  that  of  a  ninepin^ 
represented  in  the  engraving  in  the  Geological  Transactions^;  but  many  of 
the  broken  and  worn  fragments  washed  up  on  the  shore  near  the  White  Rock 
had  acquired  some  approach  to  that  form.  There  was  not^  in  any  of  the  spe- 
cimens^ the  slightest  indication  of  lateral  branches  from  the  main  body ;  but 
they  all  lay  as  if  they  had  been  distributed  without  connexion  in  the  stratum 
in  which  they  were  found. 

(88.)  The  coaly  covering  did  not,  in  any  instance,  show  traces  of  or- 
ganic structure ;  it  burned  with  a  slight  flame  when  thrown  upon  hot  coals, 
and  in  the  flame  of  a  candle  became  white,  and  was  reduced  in  bulk  without 
losing  its  form.  In  some  of  the  fresh  specimens  it  was  coated  with  a  thin 
crust,  of  a  light  brownish  or  drab  colour,  with  a  very  slight  glistening  lustre ; 
apparently  consisting  of  compressed  clay.  This  is  represented  especially  in 
figs.  4,  a  and  6,  and  partially  shown  in  figs.  3  and  8. 

(89.)  The  internal  structure  of  this  fossil  has  been  partially  described  and 
represented  in  the  Geological  Transactionsf ,  by  the  Secretaries  and  a  Com- 
mittee of  the  Members.  I  am  enabled  to  add  some  further  particulars  to 
what  is  there  stated,  through  the  kindness  of  my  friends  Mr.  Brown  and 
Mr.  Stokes :  the  former  having  lent  me  the  specimen  represented  in  Plate 
XX.,  fig.  3.,  and  given  directions  for  making  the  slices,  figs.  1.  and  3.;  to 
which  Mr.  Stokes  was  so  good  as  to  add  a  very  thin  slice,  represented  in  figs. 
4.  and  4.  a.  The  vermicular  cavities  or  tubes,  of  which  a  longitudinal  section 
is  represented  in  fig.  1.,  and  a  transverse  section  in  fig.  2.  and  4.,  are  all  coated 
within  with  transparent  quartz  crystals,  the  summits  of  which  are  discernible 
with  a  lens ;  and  in  some  cases  the  cavity  of  these  tubes  was  partially  oc- 
cupied by  exceedingly  minute  crystals  of  quartz,  either  detached  in  the 
state  of  sand,  or  intermixed  with  a  flocculent  coaly  matter.  The  transverse 
sections  of  these  tubular  cavities  exhibit  a  similar  change  of  form,  from  circular 
to  elliptic,  to  that  shown  by  the  entire  plant.  In  the  greater  number  of  cases 
no  trace  of  truly  organic  conformation  could  be  detected  with  the  microscope 
in  these  sections ;  but  in  two  specimens  a  distinct  indication  of  the  original 
vegetable  structure  was  to  be  seen.  These  are  represented  in  Plate  XX.,  figs. 
3.  and  4.    The  former  figure,  drawn  from  the  extremity  of  a  solid  and  opake 

•  Second  Series,  vol.  i.  Plate  48. 

t  Second  Series,  vol.  i.  Plates  46  and  47  :  and  Mantell,  Tilgate  Fossils,  Plates  2  and  S. 
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mass^  a  little  decomposed^  shows^  within  a  cavity^  a  somewhat  circular  band, 
exhibiting  organic  structure^  which  is  probably  tubular* ;  and  the  ^ame  kind 
of  structure  is  indicated  in  the  other  figures^  4.  and  4:.  a,  which  are  taken 
from  a  transparent  slice  belonging  to  Mr.  Stokes ;  the  latter  being  a  more 
highly  magnified  portion  of  iig.  4. 

(90.)  Fossils  of  the  fVealden. — The  catalogue  of  the  organic  remains  of 
Sussex^  published  by  Mr.  Mantell  in  the  last  volume  of  these  Transactions^ 
and  which  he  has  stated  to  have  been  intended  to  accompany  these  pages  f^ 
renders  it  unnecessary  to  insert  here  the  fossils  of  that  portion  of  the  Wealden. 
The  following  list^  therefore^  will  contain  such  species  only  as  have  been 
found  in  the  tracts  described  in  the  preceding  pages  of  this  paper^  or  as  do 
not  occur  in  Mr.  Mantell's  catalogue :  and  I  have  been  enabled  to  add  se- 
veral species  to  those  of  my  own  collection^  through  the  kindness  of  Lord 
Greenock^  Mr.  Hills^  Mr.  Martin^  and  especially  of  Mr.  Mantell. 

Ldst  of  Fossils  of  the  fVealden,  in  Kent,  Surrey,  Hants,  and  Western 

Sussex  "l. 

Bulla  Mantelliana.  PI.  XXII.  f.  3.  With  Unto  antiquus^  within  a  cavity  in  the  grit 
of  Tilgate  Forest:  M. 

Corbula  alata.    PI.  XXI.  f.  5.    Pounceford  near  Burwash,  Sussex  :  M. 

C^clas  angulata.    PI.  XXI.  f.  12.     Weald  clay :  M. 

C  major.  PL  XXI.  f.  IS.  Weald  cjlay,  in  nodules  of  clay  iron  ore,  with  Cj/pris 
Valdensis  and  Paludina  elongata^  Hythe  (Kent) :  F.  With  Cypris,  fish-bones,  and 
pyrites,  in  iron  ore ;  upper  part  of  the  Weald  clay,  near  Pulborough  :  Martin. 
Henhurst,  near  Ockley,  Surrey ;  in  Weald  clay.  With  Paludina fuviorum  in 
thin  bands  of  very  hard  ferruginous  calcareous  grit,  passing  into  ferruginous 
sand;  near  the  top  of  the  Weald  clay  on  the  west  of  Leith-hill,  Surrey :  P. 

Cycles  media.  {Cyrtna  media,  Ann.  of  Phil.  Vol.  VIII.  p.  376.  Cyclas  media,  Min. 
Con.  Tab.  525.  f.  2.)  PI.  XXI.  f.  10.  So  generally  diff'used  throughout  the 
Wealden  strata  that  the  specification  of  localities  is  hardly  required.  The  fol- 
lowing are  some  of  the  circumstances  under  which  this  shell  has  been  found. 
In  coarse  grit  near  the  top  of  the  Weald  clay,  at  Atherley,  south  of  Tanhurst, 
Surrey.  In  very  compact  uniform  grit,  with  thin  carbonaceous  vegetable  im- 
pressions,— shell  calcareous :  also  in  very  fine-grained  micaceous  sand-rock«  with 

♦  In  this  figure,  from  the  greater  difficulty  of  representing  the  opake  object,  the  partitions  betweeu 
the  dark  spots  which  denote  the  cavities  of  the  tubes,  are  much  too  wide :  the  real  proportion  of 
the  cavity  to  the  partition  is  more  correctly  expressed  in  fig.  4.  a. 

t  "  A  Tabular  Arrangement  of  the  Organic  Remains  of  the  County  of  Sussex."  Geological 
Transactions,  2d  Series,  vol.  iii.  p.  215. 

J  In  this  list  the  letter  M.  denotes  that  the  specimen  is  in  Mr.  Mantell's  collection;  F.  in  that  of 
the  author. 
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Cypris ;  impressions  only,  without  traces  of  the  shell :  HoUington,  near  Has- 
tings. In  nodules  of  clay  iron  ore :  Clifi^  west  of  St.  Leonard's.  In  shale, 
called  ^^  Shab,"  alternating  with  beds  of  limestone  called  ^^  Greys,"  (a  stone  al- 
most entirely  composed  of  thin  shells)  :  Limestone  pits  north-west  of  Battle :  F. 
With  Paludinajluviorumy  in  bluish  compact  and  sparry  limestone,  (^^  Sussex  mar- 
ble") ;  Daniel's  Water,  Kent.  In  sand-rock  near  Tunbridge  Wells  :  M.  At  the 
top  of  the  Weald  clay,  mixed  with  bivalves  of  the  Lower  green-sand;  Stopham 
brick-yard  near  Pulborough  :  Martin. 

Cyclas  media.  (Young.)  Plate  XXI.  f.  9.  Hastings  sand,  Hollington,  in  hard  grit; 
shell  converted  into  carbonate  of  lime :  F.  Etchingham  near  Robertsbridge, 
Sussex :  M. 

C .  (A  gibbose  variety.)  Plate  XXI.  f.  11.  Penhurst  pits,  in  a  bed  of  lime- 
stone, about  3  inches  thick  called  ^'  Top-greys'* :  F. 

C .     A  wider  species  than  media.     Hastings  sand,  Hollington  :  F. 

C membranacea,  {Cyrena  membranaceaj  Ann.  of  Phil.  1824.  viii.  p.  376.)  Cliff  west 

of  St.  Leonard's,  in  sandy  shale,  with  Cypris :  F.  Weald  clay,  Shipley,  near 
East  Grinstead,  Sussex,  with  a  spiral  univalve  (Potamides  ?) :  M.  Limestone 
pits  near  Battle  :    F.     Penhurst,  Ashburnham,  and  Pounceford :  M. 

C subquadrata.     Plate  XXI.  f  8.     Hastings  sand,  East  Cliff,  Hastings,  in  soft, 

fine,  sandy  clay,  not  effervescent :  also  cliff  west  of  St.  Leonard's :  F. 

C .  One  or  two  other  species,  probably  new,  occur  in  the  Weald  clay,  at  Ather- 

ley,  Surrey :  F. 

C^/7n>  granulosa.     PI.  XXI.  f.  4.     In  ferruginous  sand,  Tilgate  Forest:  M. 

C tuberculata.    PI.  XXI.  f.  2.    Frequently  black.     With  Cypris  Valdensis  and 

Paludina  elongata^  in  nodules  of  clay  iron  ore,  near  the  top  of  the  Weald  clay  : 
found  by  Lord  Greenock,  at  Hythe 

C Valdensis.    PI.  XXI.  f.  1.     (C.  Faba^  Ann.  of  Phil.  1824,  viii.  p.  376.;  Min. 

Con.  Tab.  485.)  This  fossil  occurs  in  such  numbers  in  every  part  of  the  Wealden 
group,  that  it  may  be  considered  as  characteristic  of  the  formation ;  and  being 
found  in  all  the  places  where  these  strata  have  been  hitherto  observed,  the  speci- 
fication of  localities  would  be  superfluous.  Its  profuse  abundance  may  perhaps  be 
accounted  for  by  the  fact,  that  the  animal  which  inhabits  the  valves  or  crusts,  sheds 
them  periodically*.  The  Cypris  to  which  the  specific  name  of '^  Faba,"  was  given 
by  M.  Desmarestf,  occurs  in  strata  probably  superior  to  the  chalk ;  and  though 
the  characters  of  the  valves  nearly  approach  to  those  of  the  Wealden  Cypris, 
M.  Deshayes  is  of  opinion  that  it  probably  constitutes  another  species^:.  On  these 
grounds,  I  have  thought  it  expedient  to  adopt  a  new  specific  name  for  the  fossil 
represented  in  PI.  XXI.  f.  1.;  and  that  of  Valdensis  (of,  or  belonging  to  the 
Wealden)  is  intended  to  indicate  both  its  geological  or  stratigraphical  position, 
and  the  local  situation  of  the  tract  in  which  it  has  hitherto  been  found  in  the 

♦  Lyell  "  Principles,"  &c.,  Srd  edition,  vol.  iv.  p.  98. 

f  BroDgniart  and  Desniarest, ''  Crustacees  Fossiles,"  p.  141,  PL  XL,  fig.  8. 

X  "  Coquilles  Charactertstiques,*'  p.  ^55^  PI.  10.  figs.  4.  aud  5, 

VOL.  IV. SECOND  SERIES.  2  A 
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greatest  abandance.    A  description  of  the  several  species  of  this  genus  repre- 
sented in  the  annexed  plates  will  be  found  hereafter,  in  the  Appendix. 

Mdanopsis  ?  attenuata.  PI.  XXII.  f.  5.  (Melania  attenuata^  Ann.  of  Phil.  1824,  yiii. 
p.  376.)     In  the  Hastings  sands,  HoUington :  F.    Pounceford :  M. 

M ?  tricarinata.    PL  XXII.  f.  4.     {Melania  tricarinata,  Ann.  of  Phil,  ibid.) 

Pounceford  near  Burwash,  Sussex  :  M. 

Mytilus  Lyellii.  Ph  XXL  f.  18.  Beds  below,  or  at  the  bottom  of  the  Hastings 
sands,  near  Battle :  F.  In  slaty  clay,  near  Pounceford  :  Messrs.  Lyell  and 
Mantell. 

Neritina  Fittonii.  (Mantell ;  South-East  of  England,  p.  248.)  PI.  XXII.  f.  7.  Casts 
in  the  grit  of  Tilgate  Forest :  M. 

Ostrea  ?  (a  thin-shelled  species).  Sand-rock  of  the  Hastings  sands,  west  of  St.  Leo- 
nard's :  F. 

Paludina  carinifera.  (Min.  Con.)  Hastings-sands,  west  of  St.  Leonard's ;  below  the 
White  Rock,  Hastings;  and  at  HoUington :  F.  In  Septaria,  at  Resting-oak  Hill, 
near  Lewes :  M. 

P elongata.  (Min.  Con.)  This  fossil  is  very  generally  diffused  in  the  Weal- 
den  strata.  It  occurs  in  nodules  of  clay  iron  ore,  near  the  top  of  the  Weald  clay, 
at  Hythe :  F.  In  hard  blue  grit,  with  Cypris  Valdensis  and  C.  granulosa  ?  In 
the  grit  of  Tilgate  Forest :   M.     Near  Ockley,  in  Surrey  :  F. 

Jlwciorum.  (P.  vvcipara^  Min.  Con.)    One  of  the  most  abundant  univalves  of 


the  Wealden.    On  compact  calcareous  beds  in  the  Weald  clay;  Bethersden  and 

Daniel's  Water,  Kent.    At  Henhurst,  Surrey;    in  ferruginous  sandstone.     In 

concretions  of  grit  in  the  Weald  clay,  very  large.    At  Forest-green,  and  near 

Ewhurst,   Surrey;    near    Ockley,  Surrey,    with  Cypris  Valdensis^    in    beds  of 

"  Forest  marble."     South  of  Den-park,  Sussex  :  F. 

P Sussexiensis.    PI.  XXII.  f  6.    Resting-oak  Hill,  near  Lewes,  Sussex  :  M. 

P two  or  more  other  species,  probably  new,  occur  at  Tilgate :  Mantell. 

Potamides  ?    With  Cyclas  media^  in  shale,  alternating  with  limestone ;  pits  north-west 

of  Battle  :  F.     In  Weald-clay,  East  Grinstead :  M. 
Psammobiai  Tellinoides.  PI.  XXI.  f.  6.  With  Cyclas  in  limestone;  Pounceford  near 

Burwash,  Sussex :  M. 
Tomatella  Popii.  PI.  XXII.  f  8.    Lenthington  (pronounced  Langton)  Green,  near 

Tonbridge  Wells,  in  dark  brown  ferruginous  sand-rock,  with  Unio,  Cypris,  and 

Cyclas  :  Rev.  Mr.  Pope ;  and  M. 
Unio  aduncus.     Min.  Con.     Bolney,  near  Pulborough  :  Martin.     Near  Cuckfield^ 

Sussex :  M. 
C/^—  antiquus.  Min.  Con.    Weald  clay,  near  Pulborough:   Martin.    Tilgate  Forest^ 

very  frequent :  M. 

U— compressus.  Min.  Con.  Weald  clay,  near  Pulborough  :  Martin.  Tilgate  Forest    - 

M. 
U—  cordiformis .     Min.  Con.     Tilgate :  M. 
U—  subtruncatus.    PI.  XXI.  f.  15.     With  Cypris  Valdensis^  Cyclas  media^  and  TaJ-— 
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natella  PcpH}  in  dark  brown  ferruginous  stone,  Lenthington-green,  near  Ton- 
bridge  Wells.    Also  at  Tilgate  Forest :  M. 

Vnio  Gualterii.  PL  XXI.  f.  16.  Discovered  by  Mr.  Walter  Mantell  in  the  dark  brown 
ferruginous  sandstone  of  Lenthington-green,  near  Tonbridge  Wells :  M. 

U—  Mantellii.  PI.  XXI.  f.  14.  In  calcareous  grit,  passing  into  ferruginous  sand, 
near  the  top  of  theWeald  clay ;  Atherley  and  Henhurst,  Surrey :  F.  Tilgate  :  M. 

V —  Martinii.  PI.  XXI.  f.  17.  Upper  part  of  the  Weald  clay,  near  Henhurst,  Surrey: 
Martin,  and  F. 

U —  parrectus*.  Min.  Con.  Weald  clay,  near  Henhurst  and  Atherley,  Surrey :  F, 
Liarge  specimens,  with  Paludina  Jluviorum  and  Cj/clas  media^  occur  in  the  clifis 
west  of  St.  Leonard's,  in  firm  bluish  grit :  F.  In  sandstone,  Tilgate  Forest :  M. 


Reptiles.    The  reptiles  of  the  Weald  clay  and  Hastings  sands  in  Sussex,  nearly  all 
of  which  have  been  discovered  by  Mr.  Mantell,  have  been  so  fully  treated  of  in 
his  various  publications,  that  I  shall  refer  to  those  works  for  an  account  of  them, 
and  here  only  enumerate  their  names,  with  some  of  the  chief  places  of  their  oc- 
currence.   The  remains,  however,  of  oviparous  quadrupeds  seem  to  be  dispersed 
throughout  the  whole  of  this  formation,  though  hitherto  found  principally  in  the 
Weald  clay  and  the  upper  part  of  the  sands  beneath  it :  it  is  from  this  latter 
situation,  in  the  grit  and  sand-rock  of  Tilgate  Forest,  that  the  greater  number  of 
Mr.  MantelFs  specimens  were  obtained. 
Trionyx  Bakextellu  (Mantell,  S.E.  of  England,  p.  255.)   Tilgate  Forest. 
Emj/Sy  (species  unknown.)     Same  place. 
Chelonia,    Ditto. 
Saurians,— -of  at  least  six  genera. 

Crocodile.    Remains  of  two,  if  not  of  four,  species.  (Ibid.  p.  265.) 
The  teeth,  scales,  and  some  of  the  bones,  are  mentioned  by  Mr.  Mantell,  as  oc- 
curring at  Tilgate.    A  vertebra,  which  was  considered  by  the  Baron  Cuvier, 
as  belonging  to  this  genus,  was  found  in  the  strata  of  shale  and  limestone  at  the 
bottom  of  the  Hastings  sands,  near  Brightling,  Sussex :  F. 
Phytosaurus  cylindricodon.    The  teeth  :  Tilgate  Forest.    (Mantell,  S.  E.  of  En- 
gland, p.  292.) 
Plesiosaurus.    Vertebrae,  teeth,  and  other  remains:  Tilgate.    (Ibid.  p.  281.) 
Megalosaurus  Bucklandiu     The  teeth,  (supposed)  ribs,  and  vertebrae.     Tilgate 

Forest.   (Ibid.  p.  260.) 
Hj/l(Eosaurus.    (First  described  by  Mr.  Mantell,  in  a  paper  read  before  the  Geo. 
logical  Society  (Proceedings,  &c.  Vol.  I.  p.  410.),  and  since  published  in  his 
Geology  of  the  S.  E.  of  England  ^  p.  289,  &c.    Plate  V.)    The  remains  were 
found  in  Tilgate  Forest. 
Iguanodon.    (Mantell,  Philos.  Trans.  1825,  p.  179.)    The  remains  of  this  mon- 

*  Several  indistinct  specimens  of  this  genus,  including  probably  some  new  species  besides 
^hose  above  mentioned,  have  been  found  at  Henfield  and  Atherley,  in  Surrey,  by  the  Author; 
^tkd  near  Pulborough,  by  Mr.  Martin. 
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strous  reptile  have  hitherto  been  found  chiefly  in  the  upper  part  of  the  Has- 
tings sands  at  Tilgate  Forest :  but  very  large  bones,  belonging,  as  it  now 
appears,  to  the  same  animal,  have  been  obtained  much  higher  up  in  the  Weal- 
den  series,  at  Loxwood^  and  Headfold  wood,  in  Western  Sussex*:  and  very 
recently,  even   beyond  the  limits  of  the  Wealden  group,  among  the  lower 
strataof  the  Green-sand,  near  Maidstone,  (as  already  intimated,  p.  132;  notef): 
they  occur  also  as  far  down   as  in  the  Great  Sand-bed  of  the  cliffs   on   the 
coast  near  Hastings,  where  that  stratum  reappears  on  the  shore  west  of  St. 
Leonard's*     I  am  requested  by  Mr.  Mantell  to  state,  that  the  mass  of  remains 
from  Maidstone  confirms  the  appropriation  to  this  reptile,  which  he  had  pre- 
viously made,  of  other  bones  of  great  size  found  detached,  and  in  different 
places;  and  that,  among  other  new  points  in  the  osteology  of  this  extraordinary 
creature,  the  Maidstone  specimen  has  enabled  him  to  ascertain  that  certain 
phalangeal  bones  which  approach  to  the  mammalian  character, — with  flattened 
claw-like  extremities,  resembling  those  of  land-tortoises, — belong  to  the  hind 
feet  of  the  Iguanodon ;  while  the  fore  feet  of  the  creature  appear  to  have  been 
long  and  slender,  like  those  of  the  recent  Iguana* 
In   addition  to  the  Saurian  remains  which  can  be  referred  to  distinct  genera, 
there  are  also  in  Mr.  Mantell's  collection,  detached  bones,  probably  belonging 
to  new  or  nondescript  reptiles. 
Birds.     Fragments  of  some  long  bones  found  at  Tilgate,  and  at  first  supposed  to 
have  belonged  to  Pterodactyles,  appear  to  be  really  those  of  a  bird,  probably  a 
species  of  Ardea.  (Mantell,  S.  E.  of  England,  p.  283.) 
Fishes.     The  fishes  of  the  Wealden,  especially  of  the  two  upper  members,  have 
hitherto  been  imperfectly  collected;  and  it  still  remains  to  be  determined  to 
what  species  of  this  tribe  many  of  the  remains  which  frequently  occur  in  the 
Weald  clay  are  to  be  referred.    All  the  specimens  from  this  formation  in  the  col- 
lections of  the  Geological  Society,  of  Mr.  Mantell,  and  Mr.  Martin,  have  been 
recently  examined  by  Mr.  Agassiz,  with  a  view  to  his  work  on  Fossil  Ichthyology, 
now  in  progress  ;  and  the  following  are  some  of  the  genera  to  which  he  has  re- 
ferred them. 
Pycnodus  microdon.     Teeth.  (Represented  inMantelFs  Tilgate  :  PI.  XVIII.  f.  26, 

and  27.) 
Hi/bodus  grosskomis .     Teeth.  (Ibid.  PI.  V.  f.  14,  and  XV.  f.  2.) 

.     Two  other  species,  not  yet  figured. 

.     The  dorsal  defences  referred  by  Mantell  to  a  Silurus,  (Ibid.  Pl.X.  f.  4, 

and  f.  6.),  Mr.  Agassiz  considers  as  belonging  to  an  Hybodus. 
Lepisosteus,  {Lepidotus^  Agassiz.)  The  remains  of  one  or  more  species  of  this 
genus  have  long  been  known,  as  diffused  throughout  the  Wealden  ;  in  every 
part  of  which  detached  scales  and  fragments  of  the  scale-covered  surface  are 
very  commonly  found.  The  Teeth  are  represented  in  Mantell's  Tilgate  fossils, 
PI.  X.  f.  2. ;  the  scales,  in  PI.  X.  figs.  3, 4,  15,  and  16;  and  from  an  examination 

*  Murchison :  Geol.  Trans.  Snd  Series,  vol.  ii.  pp.  104,  lOJ. 
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of  these,  and  of  Bome  very  fine  Bpecimena  of  the  bead  and  fore  part  of  the  fish, 
belonging  to  Mr.  Martin,  Mr.  Agassiz  has  been  led  to  diride  the  genus  into 
two  species,  distinguished  by  the  forms  of  the  teeth. 


CoprolUef— (or,  more  correctly,  masses  of  phosphate  of  lime  approaching  to  the 
form,  and  possessing  many  of  the  chemical  characters  of  CoproUte,)  has  been 
found  by  Mr.  Martin  in  cavities  ou  the  surface  of  the  Weald-clay,  at  Stophaoi 
brick-yard,  near  Pulborougfa,  but  so  mixed  with  fossils  of  the  Lower  greeA- 
sand  tiiat  the  whole  may  probably  have  belonged  to  that  formation.  The  re- 
cent discovery  of  the  Iguanodon,  near  Maidstone,  forms  an  additional  link  of 
connexion  between  those  two  formations ;  and  coincides  with  other  evidence 
which  indicates  the  probable  continuity  of  their  deposition. 


REMAINS  OF  PLANTS. 

AConeofan  unknown  species,  <P1.  XXII.  f.  lO.),  remarkable  fortbedouble  prominence, 
or  ridge,  in  most  of  (he  scales;  [see  Appendix  No.  l.) :  inamassof  bard,  greenish 
grit.  From  a  quarry  on  the  estate  of  Henry  Shirley,  Esq.,  at  Pippingford  in 
Ashdown  Forest,  very  near  the  highest  point  of  the  ridge  of  the  Hastings  sands. 

Eadogenites  eroga,  (Plates  XIX.  and  XX.)  Described  in  the  preceding  sections  (85.) 
to  (sa.).  Tilgate  Forest :  M.  Coast  west  of  Hastings :  F.  In  tbe  first  course  of 
sand  in  the  Weald-clay,  near  Mulsey's  Farm,  about  i\  miles  north-east  of  Pul- 
borough,  on  the  main  road  to  London  :  Martin. 

Spkenopteris  gracilis  :  represented  in  the  subjoined  wood-cut.  See  the  descriptive  note 
■D  the  Appendix  A,  p.  349.  From  beds  of  sandrock  and  slaty  clay,  in  the  quar- 
ries at  Huntley's  Farm  near  Tunbridge  Wells,  above  the  great  bed  of  White 
sandroek :  Rev.  W.  L.  Pope. 
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The  Isle  of  Wight. 

(91.)  The  general  relations  of  the  strata  on  the  southern  coast  of  the  Isle 
of  Wight,  have  been  described  by  Mr.  Webster*  with  so  much  ability,  that 
little  was  left  to  succeeding  observers  but  the  task  of  filling  up  details,  and  of 
supplying  some  facts  respecting  the  lower  members  of  the  series,  which  did 
not  fall  within  the  immediate  scope  of  his  inquiries.  Having  already  pub- 
lished  a  general  account  of  these  lower  strata  in  another  placets  ^  ^^all  here 
give  some  farther  observations  on  what  is  commonly  called  ''the  back,"  or 
south  side,  of  the  island. 

(92.)  As  the  chalk  passes  entirely  across  the  Isle  of  Wight,  nearly  from 
west  to  east,  in  a  narrow  ridge  composed  of  vertical  strata,  and  again 
invests  a  portion  of  the  southern  promontory  of  the  island,  with  a  cap  of 
almost  horizontal  beds,  at  present  detached  from  the  central  ridge  and  ex- 
tending nearly  to  the  sea, — the  result  is,  that  two  very  distinct  sections  of  the 
vertical  chalk  and  inclined  strata  beneath  it  are  disclosed  upon  the  shore, 
at  the  extremities  of  the  central  range ;  and  again,  two  other  sections,  in 
which  the  same  strata  are  prolonged  from  beneath  the  horizontal  chalk,  on 
each  side  of  the  promontory  that  projects  towards  the  south,  so  as  to  meet 
the  continuation  of  those  which  rise  from  the  middle  of  the  island^  and  with 
them  form  very  flat  curves.  The  coast  thus  exhibits  a  series  of  sections  of 
almost  unequalled  richness  and  variety  :  and  though  the  general  charactersof 
the  strata  are  well  known,  there  is  still  quite  enough  to  be  learned  in  this 
most  interesting  geological  region,  to  repay  such  detailed  researches  as  have 
been  of  late  years  devoted  to  some  other  portions  of  England,  but  which  those 
only  who  reside  near  the  place  can  carry  on  with  complete  success. 

(93.)  The  Section,  PI.  X.  a.  No.  7.  (which  is  on  the  scale  of  the  Ord- 
nance Survey),  shows  the  general  order  of  the  strata  on  the  southern  coast  of 
(he  island,  and,  with  the  aid  of  a  good  map:]:,  will  enable  the  reader  to  follow 
the  ensuing  detail.  In  the  lower  of  the  two  lines,  the  heights  are  on  the  same 
scale  as  the  horizontal  distances. 

Chalk, — The  relations  of  the  lowest  beds  of  the  chalk  are  best  seen,  on  the  west,  at  Compton 
Bay ;  and  on  the  east,  in  the  cliffs  under  Bembridge  Down  ;  both  sections  exhibiting  admirably 
the  passage  from  the  white  clialk  to  the  Upper  green-sand.    Large  portions  of  the  clialk  are  pre- 

*  "  Letters  to  Sir  Harry  Englefield,"  &c.  4to.  1816. 

t  "  Annals  of  Philosophy,"  Nov.  1824,  p.  367,  et  seq. 

J  The  map  annexed  to  Mr.  Webster's  letters,  in  Sir  H.  Englefield's  volume,  (Plate  48.)  though 
less  accurate  geometrically,  gives  many  names,  and  much  information  useful  to  the  Geologist, 
which  are  not  to  be  found  in  the  Ordnance  Survey. 
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served  also  at  the  top  of  the  higher  Downs,  on  the  south  of  the  island,  resting  on  a  plateau  of  the 
Upper  green-sand ;  and  the  lower  beds  of  the  chalk  are  in  many  places  visible  in  descending  from 
these  heights,  as  from  Niton  to  the  undercliff,  and  above  Old  Park,  on  the  south-west  of  Wol- 
verton.  The  gradation  of  hue  and  texture,  from  the  whitest  chalk, — through  various  shades 
of  grey,  and  various  degrees  of  sofhiess,  to  the  state  of  bluish  marl,  resembles  precisely  what  is 
observable  in  the  same  part  pf  the  series  at  Beachy-head,  on  the  shore  near  Folkstone,  and  on 
the  opposite  coast  of  France,  under  the  cliffs  of  Blanc  Nez. 

The  central  ridge,  or  anticlinal  line  of  the  chalk,  it  will  be  remarked,  is  neither  continuous  nor 
rectilinear ;  but  is  divided,  about  the  middle  of  the  island,  between  Carisbrook  and  Shorwell,  by  a 
tract  of  irregular  ground,  intervening  between  two  nearly  parallel  branches  of  the  chalk  range  about 
three  miles  apart.  The  first,  or  southernmost,  of  these  branches  runs  directly  from  the  Needles  to 
Brixton-down ;  the  more  northern  from  Arreton-down  to  Bembridge-down  and  Culver-cliff.  The 
course  of  the  principal  streams  of  the  island  is  transverse  to  that  of  the  central  chalk  range :  the 
river  Medina,  which  nearly  bisects  the  island  from  north  to  south,  rising  high  upon  the  sands,  about 
Stroud  Green  on  the  south  of  Kingston,  and  running  almost  directly  northward  to  the  estuary  at 
Cowes.  The  other  principal  stream,  the  Eastern  Yar,  springs  beneath  the  southern  chalk,  about 
Whitwell,  not  far  from  Niton;  and  afler  a  tortuous  course,  instead  of  joining  the  sea  in  Sandown 
Bay,  it  cuts  through  the  ridges  of  the  green-sands  and  the  chalk,  between  Yaverland  and  Brading, 
The  egress  of  the  streams,  therefore,  is  here  Analogous  to  that  already  described  in  Kent  and 
Sussex :  and  this  effect  may  not  improbably  be  ascribed,  in  both  cases,  to  fissures^  by  which  the 
lines  of  drainage  were  in  the  first  instance  determined. 

Upper  Greenland, — This  formation  is  but  partially  disclosed  along  the  base  of  the  central  ridge 
of  chalk ;  but  is  distinctly  seen  in  the  sections  at  Compton-bay,  and  on  the  south  of  Bembridge- 
down,  and  in  several  places  along  the  escarpment  of  the  undercliff* ;  the  course  of  which,  it  is  to 
be  observed,  is  not  exactly  parallel  to  the  anticlinal  ridge,  but  oblique  to  it,  running  towards  a 
point  about  17^  south  of  west.  The  total  thickness  here,  in  some  places  approaches  to  100 
feet,  and  on  an  average  is  not  much  less  than  70  feet:  its  step-like  projection  beyond  the 
chalk,  as  in  Western  Sussex,  is  conspicuous  in  several  places,  especially  beneath  St.  Catherine's 
Down*  One  of  the  most  accessible  sections  is  in  the  ground  rising  above  the  ravine  at  Luc- 
combe,  where  the  road  from  Shanklin  to  Bonchurch  crosses  the  strata  obliquely.  About  the 
middle  of  Old  Park  is  a  continuous  section  of  beds,  apparently  undisturbed  and  more  than  f  of  a 
mile  in  length,  rising  very  gradually  towards  the  south,  or  west  of  south,  and  consisting  above,  for 
between  80  and  40  feet,  of  subcalcareous  sand  and  stone,  alternating  with  chert  in  concretions, — 
and  below  of  similar  sand,  with  spongiform  masses,  like  those  of  the  upper  part  of  the  sections  near 
Folkstone ;  (21.)  and  (22.).  But  one  of  the  best  sections,  perhaps,  of  the  Upper  green-sand,  is 
visible  above  the  road  from  Niton,  towards  Blackgang-Chine,  over  the  Sand-rock  spring*  The 
brow  of  the  cliff  at  that  place  is  about  591  feet  above  the  seaf ;  and  the  beds  composing  the  ver- 
tical face  at  top,  which  is  itself  more  than  100  feet  high,  may  be  thus  divided : 

Alternations  of  soft  subcalcareous  stone,  with  concretional  chert. ..  SO  to  40  feet. 

Yellowish  grey  sand  and  stone,  with  some  chert 60  —  80 

Alternations  of  yellowish  grey  and  bluish  stone,  and  sand 15  —  20 

*  As  above  Western  Lines;  above  St.  Lawrence,  where  the  road  comes  down  from  the  interior, 
and  thence  westward ;  between  Hans  and  Marables.  At  the  place  last  mentioned  the  precipice  is 
about  60  feet  highi  with  gault  beneath,  and  is  traversed  obliquely  by  a  footpath  up  the  whole  face. 

f  Englefield  and  Webster,  p.  238. 
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Gatdi. — This  stratum  consists,  in  the  Isle  of  Wight,  of  dark,  bluish  grey,  harsh,  sandy  clay,  in- 
terspersed with  minute  particles  of  mica :  but  I  did  not  discover,  anywhere,  the  beds  of  light 
bluish,  plastic  clay,  like  that  of  Folkstone,  which  abounds  in  the  characteristic  fossils,  and  which,  I 
believe,  forms  the  lower  part  of  the  formation.  The  clay  here,  which  seems  not  to  exceed  70  feet 
in  thickness,  contains  very  few  fossils,  and  these,  from  their  imperfect  preservation,  are  difficult  to 
obtain.  The  tract,  however,  which  this  stratum  occupies  has  been  very  little  explored.  One  of 
the  best  sections  of  the  gault  which  I  saw,  was  at  East-End,  between  Luccombe  and  Bonchurch, 
where  the  clay  contains  nodules,  and  branching  crystalline  rods  of  pyrites,  some  thin  shells  in  frag- 
ments, and  minute  crystals  of  sulphate  of  lime,  perhaps  produced  by  decomposition.  The  top  of 
the  sands  beneath  this  stratum,  here  slopes  both  towards  the  west,  and  outward,  towards  the  sea ; 
so  that  on  the  melting  away  of  the  gault,  everything  favours  the  subsidence  and  ruin  of  the  upper 
part  of  the  cliffs. 

Loner  Greene-sand. — This  stratum,  which  forms  the  principal  portion  of  Mr.  Webster's  *  Ferrugi- 
nous Sands,'  occupies  a  great  part  of  the  surface  on  the  south  of  the  Isle  of  Wight,  and  is 
everywhere  conformable  to  the  chalk ;  a  ridge  of  highly  inclined  strata  of  sand  parallel  to  that  of 
the  central  chalk,  crossing  the  island,  from  the  shore  on  the  south  of  Bembridge  Down  to  the  foot 
of  Afton  Down.  The  sands  are  then  reflected  southwards,  and  form  the  lower  ground  In  the 
interior,  from  Mottestone,  through  Brixton,  Shorwell,  Kingston,  Godshill,  and  Newchurch,  to 
the  coast.  Throughout  the  greater  part  of  the  shore  at  the  '  back  of  the  island,'  this  stratum  is  either 
below  the  level  of  the  sea,  or  concealed  by  the  debris  of  the  undercliff;  but  where  it  rises, — 
westward  from  Rocken-End,  and  eastward  from  Bonchurch  Cove,  it  exhibits  the  most  distinct  and 
fully  developed  sections. 

When  I  examined  the  Isle  of  Wight,  I  was  not  aware  of  the  subdivision  of  the  Lower  green-sand 
into  the  groups,  which  I  afterwards  found  to  be  so  well  displayed  in  Kent  (16,  &c.),  and  Western 
Sussex  (72,) ;  but  from  the  map  of  the  island,  and  the  characters  of  the  strata  on  the  coast,  I  have 
no  doubt  that  it  exists  also  here.  A  range  of  heights  from  Kingston  to  Walpen,  which  in  the  Ord- 
nance Map  is  a  very  prominent  feature,  and  seems  to  be  continued  to  the  shore  between  Walpen 
and  Whale  Chines,  appears  to  be  the  outcrop  of  the  upper  member  of  the  formation  ;  and  the 
heights  on  the  south  of  Chale  seem  also  to  belong  to  this(  uppermost  or  ferruginous  subdivision ; 
while  the  darker  beds  of  Shanklin  and  Blackgang  Chines  must  represent  the  middle,  or  more 
retentive  group :  and  even  among  the  highly  inclined  strata  of  the  Red-cliff,  in  Sandown  Bay,  green, 
mud-like,  beds  are  distinguishable  in  the  corresponding  part  of  that  escarpments  A  bed  at  the 
bottom  of  the  cliffs,  both  at  Atherfield,  and  on  the  east  of  Shanklin,  which  abounds  in  fossils,  espe- 
cially the  Gryphcea  sinuata,  is  probably  the  equivalent  of  the  lowest  group  of  stone  at  Hythe.  The 
total  thickness  of  the  Lower  green-sand  in  the  Isle  of  Wight  may  be  considered  as  about  300  feet. 

(94.)  The  fVealden. — The  Purbeck  strata  do  not  make  their  appearance  in 
the  Isle  of  Wight;  and  the  two  remaining  members  of  the  Wealden  pass  into 
each  other  by  insensible  gradation^  the  Weald  clay  constituting  but  a  small 
proportion  of  the  whole.  A  valley  or  depression,  however,  corresponding 
to  the  site  of  the  clay,  is  still  a  well-marked  natural  feature  :  the  escarpment  of 
the  green-sands  projecting  over  it  on  the  one  hand ;  while  on  the  other,  the 
Hastings  sands  rise  into  a  small  prominence,  even  in  the  compressed  section 
of  Sandown  Bay ;  and  form,  on  the  west,  an  undulating,  dome-shaped  ridge, 
between  Barne's  Chine  and  Compton-Grange  Chine,  the  section  of  which 
corresponds  to  that  of  these  sands  on  the  Sussex  coast. 
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The  affinity  in  mineralogical  composition^ — indeed  in  most  of  the  cha- 
racters except  the  species  of  the  fossils  which  they  contain^  between  the 
strata  in  this  portion  of  the  series  in  the  Isle  of  Wight^  and  those  above  the 
chalk  on  the  north  of  the  island,  is  exceedingly  striking ;  though  the  groups 
are  separated  by  the  entire  mass  of  the  green-sands  and  the  chalk.  In 
both  we  find  reddish  and  variegated  sandy  marls,  of  various  and  similar 
shades  of  tea-green,  purplish/ and  grey ;  in  both,  also,  beds  of  sand  and  of 
grit*;  and  in  both  series,  too,  is  an  alternation  of  beds  containing  marine 
fossils,  especially  Oysters,  with  strata  which  abound  in  Paludina,  Cypris,  and 
other  productions  of  fresh  water.  The  inferences  from  these  facts  are  now 
so  obvious,  that  nothing,  it  would  seem,  but  the  strongest  prepossessions 
in  geological  theory  could  so  long  have  kept  them  out  of  sight  f ;  and  the 
proof  they  furnish  of  the  repeated  submersion  and  re-elevation  of  the  land,  is 
irresistible. 

(95.)  On  the  other  hand,  there  is  a  very  obvious  resemblance,  in  mineralo- 
gical  character,  between  a  great  proportion  of  the  deposits,  both  above  and 
below  the  chalk  in  the  Isle  of  Wight,  and  the  reddish  and  variegated  marly 
sands  of  the  new  red  sandstone  (red  marl),  of  England.  Nothing  can  better 
prove  the  insufficiency  of  mineralogical  characters,  as  a  ground  of  identi- 
fication in  geology,  than  this  close  resemblance  in  the  productions  of  periods 
so  distant ;  while  it  demonstrates  also  the  permanence  and  uniformity,  both 
of  the  substances  out  of  which  the  strata  have  been  composed,  and  of  the 
operations  which  produced  their  aggregation  |. 

Weald  Clay, — ^This  stratum  is  visible  on  the  coast,  in  one  of  the  sections  at  Sandown  Bay,  and 
in  both  of  those  on  the  west  of  Rocken-End,  forming  a  narrow  band  of  comparatively  low  and 
flat  ground, — encircling,  and,  as  it  were,  insulating  the  Hastings  sands,  which  rise  from  beneath 
it  into  heights  of  small  elevation.    In  Sandown  Bay,  the  most  eastern  portion  of  the  clay,  which 

*  Ghrit,  not  in  itself  distinguishable  from  that  of  Hastings,  and  containing  Paludinae,  occurs  on 
the  north-east  coast  of  the  Isle  of  Wight,  near  Cowes.  See  Mr.  Webster's  **  Letters,"  &c.  p.  321 ; 
—and  "  Annals  of  Philosophy,"  1 824,  vol.  viii.  p.  379. 

*{-  Soon  after  my  examination  of  this  part  of  the  Isle  of  Wight,  I  had  the  pleasure  of  a  visit  there 
from  M.  Constant  Prevost ;  and  the  following  passage  in  one  of  his  letters,  written  on  his  return 
from  an  excursion  to  the  west  of  the  island,  coincides  precisely  with  what  is  mentioned  in  the 
text : — ''  La  succession  des  couches  rappelle  tout-a-fait  celle  de  m^me  nature,  que  sur  une  echelle 
''  rooins  gprande  recouvre  la  craie,  ou  mieux  est  posterieure  a  la  crai^,  a  Alum  Bay :  c*est  la  meme 
**  disposition  generale^  le  m^me  assemblage  de  couleurs,  les  alternatives  de  sable  et  d'argile  avec 
**  lignite,  les  mSmes  septaires,  &c. ;  tout  est  analogue  dans  les  deux  series,  a  Texception  des 
"  fossiles.  On  pent  retrouver  une  analogic  aussi  forte  entre  les  argilo-sables  (Hastings  sands) 
"  inferieurs  k  la  craie,  et  la  grande  formation  du  nouveau  gpres  rouge ;  les  argiles  verte,  jaune,  et 
*'  rouge,  les  gres  blancs  et  bigarres,  les  conglomerats,''  &c« 

X  The  abundance  of  the  variegated  reddish  and  greenish  sandy  clays  in  the  upper  members  of 
the  Wealden  group,  both  here  and  in  Sussex,  is  such, — and  their  proportion  to  the  whole  so 
great,  that  the  name  of  the  deposit  might  very  well  have  been  taken  from  them ;  and  if  the  term 
Red-marl  be  retained  as  a  general  denomination,  these  and  the  new  red  sandstone  might  with 
some  advantage  be  called  the  Upper  and  Lower  (or  first  and  second)  red  marl;  which  would  in- 
dicate both  their  mineralogical  resemblance,  and  their  relative  position  in  the  series. 
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succeeds  the  sands  of  Red-clifiT,  is  much  ohscured  hy  intermixture  with  the  ruiqs  of  several 
different  strata  fallen  from  above  ;  but  it  abounds  in  the  characteristic  fossils.  The  corresponding 
portion  of  the  Weald  clay,  on  the  west  of  the  Hastings  sands,  between  the  fort  at  Sandown 
and  Shanklin  Chine,  forms  a  flat  shore,  which  is  visible  only  at  low  tides.  Beyond  Atherfield- 
point,  in  like  manner,  the  clay  rises  from  beneath  the  Lower  green-sand,  and  exhibits  beautiful 
sections  in  the  Chines  immediately  on  the  north-west  of  that  prominence :  thence  it  passes  inland, 
through  the  lower  grounds  of  Sutton,  Thorncross,  YafFord,  Marsh-Green,  Mottestone,  Brook- 
House,  and  Compton-Grange,  and  meets  the  coast  on  the  south  of  the  Lower  green-sand  ridge,  at 
Compton-Grange  Chine ;  where  a  similar  section  to  that  of  the  west  of  Atherfield  (or  rather  to 
that  on  the  east  of  Sandown  Bay),  is  exposed :  but  thereabouts  the  strata  seem  to  have  been 
disturbed, — whether  by  mere  subsidence  or  the  presence  of  a  fault,  I  did  not  ascertain. 

Hastings  sand. — ^The  general  position  and  relations  of  that  portion  of  these  sands  which  is 
visible  on  the  coast  of  the  island  (for  the  sections  do  not  go  down  to  the  lowest  strata),  will  be 
obvious  from  what  has  been  already  stated,  with  the  aid  of  the  section,  Plate  X.  a.  No.  7.  In 
Sandown  Bay  the  sands  form  but  a  small  insulated  spot,  of  an  irregidar  figure,  surrounded  by  the 
Weald  clay :  but  on  the  south-west  coast  the  superior  strata  of  the  formation  are  much  better 
developed ;  occupying  an  oblong  tract,  approaching  to  the  shape  of  half  an  oval,  from  the  west 
of  Cowleaze  Chine  to  Compton-Grange  Chine. 

It  will  be  seen  from  the  Ordnance  Map,  that  two  small  but  remarkable  prominences  called 
Atherfield  Rocks,  and  Brook  Point,  project  beyond  the  general  line  of  the  shore,  between  Rocken- 
£nd  and  Freshwater  Bay :  so  that  the  coast  is  divided  into  three  shallow  recesses,  called  Chale 
Bay,  Brixton  Bay,  and  Compton  Bay ;  the  last  being,  in  fact,  only  the  eastern  portion  of  Fresh- 
water Bay.  Atherfield  Rocks,  and  the  heights  on  the  south-east  of  them,  belong  to  the  Lower 
green-sand,  of  which  they  are  the  outcrop.  Brook  Point  (or  perhaps  the  more  obtuse  prominence 
of  the  shore  between  that  place  and  Southmore,)  is  apparently  the  central  and  lowermost  portion 
of  the  Hastings  sands ;  the  culminating  point  being  much  nearer  to  the  chalk  in  the  centre  of  the 
island,  than  to  that  on  the  south,  in  consequence  of  the  more  rapid  rise  of  the  strata  in  the  central 
range.  A  considerable  prominence,  however  (which,  in  actual  elevation,  is  the  highest  point  of 
the  Hastings  sands),  occurs  at  BarnesVhigh. 

The  rocky  ledges  which  shoot  out  from  the  land  in  several  places  along  this  part  of  the  shore, 
form  some  of  its  most  striking  features ;  and  make  this  coast  exceedingly  dangerous  to  shipping. 
They  all  consist  of  the  subcalcareous  grit,  which  occurs  throughout  the  Hastings  sands,  in  con- 
cretions more  or  less  continuous  and  frequently  of  great  bulk.  Similar  ledges  appear  also,  but 
are  less  prominent,  in  the  section  at  Sandown  Bay ;  and,  as  has  been  already  mentioned  (84.),  on 
the  coast  near  Hastings. 

(96.)  Sectional  Lists  of  the  Strata. — The  preceding  passages  will  enable 
the  reader  to  connect  the  subjoined  lists  of  the  strata^  in  v^rhich  I  have  availed 
myself  of  the  notes  annexed  to  three  beautifully  executed  sectional  drawings 
of  part  of  this  coasts  by  Sir  John  Herschel*.     I  shall  here  follow  the  shore 

*  I  should  gladly  have  inserted  Sir  John  Herschers  sectional  drawings,  and  my  own,  in 
place  of  the  reduced  general  section,  Plate  X.  a.  No.  7. ;  but  this  could  not  have  been  done  without 
such  reduction  as  to  exclude  the  greater  part  of  their  contents,  and  such  exaggeration  of  the 
heights,  in  proportion  to  the  horizontal  distances,  as  wholly  to  destroy  their  resemblance  to 
the  natural  appearance  of  the  cliffs. 

In  the  following  list  I  have  adopted  throughout  Sir  John  Herschel's  measurement ;  and  from 
the  difficulty  of  estimating  the  vertical  thickness  of  the  strata,  in  consequence  of  the  varying 
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from  east  to  west :  giving^  Ist^  A  section  from  beneath  Bembridge  Down 
to  the  middle  of  Sandown  Bay ;  2ndly,  The  opposite  side  of  the  curve, 
from  Bonchurch  Cove,  eastward,  towards  the  same  point;  Srdly,  The  succes- 
sion of  beds  beyond  Rocken-End,  north-westward,  to  the  geological  centre, 
or  lowest  point,  on  the  south-west  range  of  the  coast;  and  4thly,  The 
series  from  the  chalk  under  Afton  Down  to  Brook  Point.  This  will  involve 
some  apparent  repetition,  as  the  strata  in  all  the  sections  are  essentially  the 
same ;  but  it  will  perhaps  be  the  best  mode  of  assisting  the  inquiries  of 
those  who  wish  to  become  acquainted  with  this  district. 


(97.)  Sectional  Idst  of  the  Strata  from  the  south-west  of  Be m  bridge  Doitn 

to  the  middle  of  Sandown  Bay. 


The  Section  begins  at  the  bottom  of  the  flinty  chalk.   Beds  very  thick  and  massy. 
The  flints  small  and  disseminated. 


Paces,  

O— 510.     Lower  White  Chalk,  without  Flints. 

0 — i55.  This  part  of  the  beach  is  occupied  by  ruined  masses  from  above.  The  base  of  the 
difl*,  where  accessible,  seems  to  consist  of  knobs  of  white  chalk,  bedded  in  a  greyer  mass. 
The  stratum  is  defined  by  a  layer  of  distant,  insulated  flints,  which  separates  it  from  the 
flinty  chalk  above.  Dip  about  65^.  Strike,  about  6®  north  of  west ;  which  is  very 
nearly  the  direction  of  the  coast    

255 — 510.  The  finest  and  thickest  beds  of  pure  white  chalk.  Dull ;  not  very  white  chalk ; 
easily  scratched  by  the  nail.  Beds,  S  or  4  feet  thick ;  separated  by  layers,  5  or  6  inches 
thick,  of  chalk  like  the  rest,  but  interlaced  with  a  kind  of  network  of  very  grey  matter. 
Dipi  60^  north.     Strike,  74°  west,  almost  coincident  with  the  trend  of  the  shore 

350.  Inocerami,  much  crushed.  At  450  paces,  the  same,  but  less  frequent*  At  500, 
dip,  60°  north;  strike,  69°  west  of  north 

510 — ^783.     Marly  and  Orey  Chalk. 

511.  Outcrop  of  a  seam  of  greyer  chalk 

S26.  In  the  grey  chalk  a  layer  of  yellow  harder  knobs 

540.  A  bed  of  very  uniform  grey  chalk,  6  to  8  feet  in  thickness  exposed 

600.  A  thick  bed  of  grey  chalk,  as  at  540 ;  and  the  same  rubbly  yellowish  layer  as  at  b%^  • . 

650.  Grey  chalk ;  thick  uniform  beds,  3  or  4  feet    

700.  Grey  and  white  chalk,  in  alternating  layers.  This  alternation  extends  about  20  feet 
up  the  diff*,  which  shelves  back 

750.  At  a  breaking  away  of  the  talus,  the  outcrop  of  the  grey  chalk  is  superbly  seen. 
Alternating,  dark  grey,  almost  blue,  layers,  and  white,  like  a  striped  riband.  Corals  oc- 
cupy the  lower  5  feet.  [The  same  appearances  are  very  remarkable  at  the  foot  of  Blanc 
Nez,  on  the  French  coast  near  Calais.] 
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obliquity  of  the  section  to  their  planes,  I  have  stated  the  horizontal  spaces  occupied  by  the  strata 
at  the  base  of  the  clifl*,  which  give  at  least  a  comparative  view  of  their  proportions.  I  find,  from 
the  mean  of  several  comparisons,  that  my  own  paces  (which  are  somewhat  shorter  than  Sir  J. 
Herschelts),  are  about  43  (strictly  42*77)  =100  feet:  and  in  my  section  the  Upper  green-sand 
occupies  196  paces  on  the  shore;  the  Gault  94 ;  Lower  green-sand  840 ;  the  Wealden,  to  the  cul* 
minating  point  of  the  Hastings  sand,  about  2000 ;  — of  which  space  the  Weald-clay  may  be  600, 
and  the  Hastings  sand  about  1400,  from  their  first  rise  to  the  middle  or  top  of  the  saddle. 
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Facet  occupied 
by  each  diviskm, 

783<— 900.     Upper  Oreen^sqnd. 117 

[The  rise  of  this  stratum  is  here  very  distinct  in  the  section  on  the  shore ;  and  its  course  1 
inland  is  marked  in  the  original  Ordnance  Map  (scale,  6  inches  to  a  foot,)  hy  a  distinct  I 
ridge  parallel  to  that  of  the  chalk,  passing  from  die  shore  dose  to  the  little  village  of  | 
Yaverland,  on  the  north.] • J 

788.  Here  the  green-sand  crops  out,  in  a  bed  20  feet  thick,  of  very  dark  grey,  sandy,  cal- 1 
careous  layers,  with  concretions  of  harsh  lime-stone   20  feet,  j 

7S7.  Fine  specimens  of  coral 

800.  A  thick  bed  of  green-sand,  with  Stphonux.    In  S  feet  the  fossils  change,  the  corals 
disappear,  and  the  SiphonUe  come  in.  In  this  bed  is  a  layer,  1  foot  thick,  of  very  black  chert. 

850.  A  darker  set  of  layers,  1  foot,  rises  among  the  green-sand  beds 
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900 — 1020.     Gault, — A  blue-grey  marly  mass,  almost  like  the  lowest  beds  of  the  chalk,  1    .  ^^ 
but  more  mud,  or  silt-like.   Harsh  to  the  touch j 

[I  could  obtain  no  specimens  of  the  fossils,  which  were  few  and  broken.  The  slope 
above  this  stratum  is  covered  with  grass. — F.j 

1020—1767.    Lower  Green-sand 747 

1020.  Reddish  brown  sand  rises ;  small  rolled  gravel,  and  quartzy  pebbles.     Trend  of  the  1 
shore,  16°  SO'  south  of  west.  Dip,  70°  north.  Strike,  74°  west.  Thickness,  30  or  40  feet.  J 

1061.  Yellowish  grey  mud;  outcrop  (presumed) concealed  by  rubbish;  over  blue  mud,1 
passing  into  gprey,  and  much  mixed J 

1100.  Vivid  yellow  sand,  6  feet.     Light  grey  mud,  8  feet.     Blue  mud,  15  feet 29 

1140.  A  great  bed  of  dull  brown  sand.    1st  subdivision,  =  15  feet.   2nd,  =  20 — 25  feet,  -i 
8rd,  =  80  feet ;  brown  and  green-sand,  and  quartz  pebbles,  and  bits  of  iron-stone.  I     65 
The  lowest  8  feet  very  green-sand  ' • J 

1200.  Deep  brown  sand,  full  of  bits  of  oxide  of  iron,  of  a  strong  resinous  lustre  and  high  -i 
polish.     The  upper  8  feet  rather  less  brown.     [Like  that  which  abounds  in  the  Lower  >     58 
green-sand  of  Western  Sussex  and  Surrey ;  (59.)] J 

1250.  The  cliff  becomes  mural. 

1258.  Presumed  outcrop  of  pale  yellow  sand.    Mere  sand ;  no  cohesion :  has  a  few  broken  1 
shells Thickness,  40  feet,  j 

1823.  Red  sand,  but  not  so  dark  as  at  1200.     A  vivid  stripe  of  orange  and  yellow.  '] 

Thickness,  20  feet. 

1341.  A  continuation  of  the  last,  separated  by  a  rather  honeycombed  line.  Apparent 
dip  =  28° Thickness,  50  feet.  }- 100 

1406.  A  mere  continuation  of  the  last,  separated  by  a  dotted  line,  but  same  material. 
[The  sand-rock  hereabouts  is  divided,  by  fissures,  into  masses  approaching  to  rhomboids.] 

Thickness,  30  feet. 

1470.  Outcrop  of  a  very  thick  bed  of  dark  grey  mud  or  silt,  contrasting  strongly  with  the 
red  sand  which  overlies  it.  Apparently  the  equivalent  of  the  middle,  more  cohesive, 
greener,  and  less  stony  member  of  the  Lower  green-sand,  like  that  of  Folkstone 
(24 — 28.)?  The  darker  sand  here  gives  a  green  streak,  when  scraped  or  struck  with 
the  hammer.] 

1600.  The  cliff  loses  its  mural  character,  and  falls  back  into  an  amphitheatre,  full  of  the 
rubbish  of  the  bed  above 

1676.  A  very  red  (almost  blood-red)  seam,  a  foot  thick,  visible  in  the  rubbish  of  the  beds 
above  

1710,  &c.     Wealden, 

[A  fresh  range  of  low  sectional  cliff  commences  on  the  beacli  at  1710;  the  amphi- 
theatre of  the  higher  cliff  retiring  far  back, — perhaps  from  the  rise  of  the  Weald-clay ; 
the  decay  of  which,  and  its  efHux  in  the  form  of  mud,  seems  to  have  produced  the  ruin 
and  fall  of  the  upper  strata.] 
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Pacei  oeeupied 
/ii  ^-/v  *y  **^*  dkiiion. 

1767 — 2150.  Black  slaty  clay,  with  layers  of  sandy  stone  2  inches  thick,  formed  of  agglu-  i 
tinated  leaves,  like  sheets  of  paper. 

[Apparently  the  same  alternation  as  that  which  abounds  on  the  confines  of  the  Lower 
green-sand  and  Wealden  group,  described  (83.),  p.  168.] 

1850.  The  amphitheatre  of  the  retired  cliff  has  again  come  round  to  the  beach 

1880.  Layers  of  small  flat  oysters,  agglutinated  by  calcareous  matter,  very  like  one  of  the 
beds  between  Atherfield  and  Shepherd's  Chine.  [See  hereafter,  5580,  p.  197.] 

1900.  The  apparent  dip  of  the  strata  is  now  much  less,  s  10^ 

2000.  The  stratum  here  is  like  mashed  slate;  but  earthy  and  incoherent,  with  stony 
layers  occasionally • \ 

2100.  Very  clayey:  the  stony  layers,  when  broken,  appear  to  be  very  white  indurated 
clay ;  but  their  old  cracks,  dark  blackish  brown I 

21S2,  Like  slates ;  as  thin  as  paper,  but  friable J 

2150.  Sand.  Upper  2  feet  stony.  Red  layers  of  stone  and  rubble  mixed.  Apparent  rise 
of  the  strata  2®  or  S° ;  but  they  dip  back  10^.  [^Quce,  Commencement  of  the  Hastings 
jofiis?]   f  370 

2400.  A  very  pale  sandstone.     Outcrop  concealed 4 

2520.  Mixed  red  and  brown-yellow  clay:  no  fossils.  The  strata  still  rise  from  the  east. 
Trend  of  the  beach,  19^  south  of  west;  and  so,  forward  to  the  Fort,  and  back  to 
the  cliffs. 

2700.  Grey  and  red  clay.     No  fossils. 

2894.  Red  day.     Strata  still  rising  at  an  angle  of  about  12^  from  the  east. 

5000.  Shore  too  low  to  show  the  strata  distinctly. 

3240.  A  layer  of  tough  gritty  sandstone ;  horizontal,  or  rising  a  very  little  to  the  south-west. 

3300.  Another  layer  of  tough  gritty  sandstone,  on  the  beach. 

3330.  Culminating  point  of  the  saddle.  Strata  almost  exactly  horiiontal.  The  red  clay 
is  seen  resting  on  the  stony  layer  of  3240  and  3300. 

3400.  The  strata  now  begin  to  dip  1°  towards  tlie  west. 

3506.  The  first  wooden  barrier  to  stay  the  shingles  on  the  beach  near  Sandown  Fort. 

3535.  Red  clay,  resting  on  stony  layers  strangely  contorted.  The  same  clay  also  under- 
lies them.      These  contorted  layers  extend  50  paces. 

3617.  Third  wooden  barrier.  Here  the  grass  comes  down  to  the  beach,  and  an  embank- 
ment begins  at  high-water  mark. 


3700,  the  fifth  wooden  barrier. 
3741,  the  sixth. 


3782,  the  seventh  barrier. 
3821,  the  eighth. 


3862,   the  ninth   barrier. 
Here  begin  zigzag  weirs. 


4050.  In  a  line  with  the  eastern  edge  of  the  south-east  point,  or  bastion,  of  Sandown  Fort. 

(98.)  The  junction  of  the  Lower  green-sand  with  the  Wealden  strata  is 
one  of  the  most  interesting  points  in  the  sections  upon  this  coasts  from  the 
importance  of  determining  whether  the  transition  from  the  freshwater  to  the 
marine  strata  was  gradual  or  abrupt.  As  far  as  my  own  observations  have  gone^ 
the  change^  in  all  the  sections  of  the  Isle  of  Wight^  is  unaccompanied  by  any 
marks  of  disturbance^  or  any  variation  in  the  characters  of  the  strata  them- 
selves^ and  can  in  fact  be  learned  only  from  the  total  change  of  the  fossils : 
a  few  feet  in  thickness^  of  beds  conformable  with  those  both  above  them  and 
below^  dividing  the  strata  which  abound  in  Cypris  and  Paludinas^  from  the 
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lowest  members  of  the  green-sand  formation^  which  contains  shells  of  many  dif- 
ferent marine  genera  in  great  numbers;— Trigonia^  GervilUa^  large  Gryphites^ 
especially  G.  rinuata,  with  others  decidedly  marine.  The  bed  which  contains 
these  fossils  is  apparently  the  equivalent  of  the  lowest  stone  beds  of  the  coast 

■ 

near  Hythe^  and  is  detached  from  the  ferruginous  stone  at  the  top  of  the 
Lower  green-sandj  by  a  mass  of  soft^  dark^  sandy  clay,  which  seems  to  corre* 
spond  to  the  middle  group  of  Kent. . 

The  ittata  on  the  west  of  Red-eliffare  fo  much  obtcnred  by  the  wathing  away  and  rain  of  the 
day  beneath  the  green-aanda,  that  no  oontiniioua  aection  ia  obaenrable  here.  An  obvioua  depres- 
sion, howerer,  corresponds  to  the  site  of  the  WeaU-day ;  and  both  the  ehy  and  the  sanda  which 
rise  fiom  beneath  it  indude  their  diaracteristic  tbmSh  in  great  abundance  and  perfieetion,  and 
contain  the  sane  large  proportion  of  reddish  and  variegated  marly  and  sandy  days,  with  occaaiond 
beds  of  snbcalcareous  grit,  as  on  die  Sussex  coast  The  following  detaila  may  be  added  to  what 
is  stated  in  the  preceding  list. 

The  upper  pairt  of  the 'day  abounds  remarkably  in  Cj/prii  VaUamt;  and  containa  some  nearly 
continuoua  banda  of  day  iron  ore,  in  elongated  flattened  nodules,  two  to  nine  inches  in  ^Hcknwtt 
including  dusters  of  PaUiJBma  Amgaia.  The  beds  above  thia  day  form  as  it  were  the  transition 
into  the  green-sand  fimnation,  consisting,  for  some  feet,  of  alternate  layers' of  greenish  radgiey 
sand  and  sandy  day  of  .diflferent  shades,  like  those  described  above,  (8S.).  A  vertical  portion  of 
the  diff  at  the  top  of  the  day,  which  was  exposed  to  a  thickness  of  between  80  nid  40  fiwt,  con* 
sisted  of  die  IbDowing  snbatancea : 

FaM. 

Oreeniah*grey  aand  and  clay  in  alternate  bands 10    0 

Clay  and  sand  with  iron  ore  ...••• • £    o 

A  band  or  course  of  iron  ore,  with  Cypris 0    8 

Greenish-grey  sand,  alternatdy  of  dark  and  lighter  hues 

Bluish  slaty  clay,  abounding  in  Cypris 

Clay  iron  ore. about      0    8 

Slaty  and  sandy  day 

«0    0 

A  bed  of  dull,  solid,  earthy  calcareous  stone 0    9 

Greenish-grey  sandy  clay 7    0    to    8    0 

Sand-rock,  in  some  places  very  ferruginous.' 

Total,  about 40    0 

About  770  paces  from  the  bottom  of  the  Lower  green-sand,  a  bed  of  sand-rock,  from  12  to  14 
feet  thick,  makes  its  appearance :  perhaps  one  of  the  courses  of  sand,  subordinate  to  the  Wealden, 
indicated  in  Western  Sussex  by  Mr.  Martin. 

In  this  upper  part  of  the  Wealden  is  at  least  one  thin  bed  of  limestone,  consisting  principally  of 
the  shells  of  a  species  of  oyster  (or  Gryphsea?),  of  which  I  could  not  find  any  distinct  specimens. 
It  is  invested  with  a  thin  crust  of  fibrous,  somewhat  earthy,  carbonate  of  lime,  having  the  appear- 
ance of  what  has  been  called  **  Cone  in  cone."  In  one  loose  specimen  of  this  limestone,  I  found  a 
fragment  of  an  Ammonite,  evidendy  derived  from  some  more  ancient  stratum,  washed  down  and 
lodged  in  the  mud  of  which  die  whole  of  this  formadon  is  composed.  The  fragment  is  too  small 
to  indicate  the  spedes,  but  the  genus  is  perfecdy  clear. 
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I  did  not  find  among  the  strata  any  one  containing  PaluJUna  vkipara  ;  but  on  the  beach  were 
several  loose  blocks  containing  that  fossil,  with  Cypris  Valdensii^  and  not  distinguishable  from  the 
stone  of  Bethersden  in  Kent, — the  "  Sussex  Marble.'' 

About  1800  paces  from  the  Lower  green-sand,  a  large  block  of  sand-rock  on  the  shore  had  the 
waved  surface,  or  ripple  mark,  which  is  common  throughout  the  upper  part  of  the  Hastings  sands : 
and  here  the  alternations  of  greenish  grey  sand  and  sandy  clay,  so  frequently  mentioned  above, 
are  again  very  conspicuous. 

About  1950,  was  a  mass  of  indurated  clay  iron  ore  attached  to  a  nodular  portion  of  hard  siliceous 
grit,  containing  moulds  of  large  Paludina,  filled  with  sparry  sulphate  of  barytes  :  a  fact  which 
accords  with  the  supposed  continuity  of  deposition  of  the  Weald-clay  and  the  Lower  green-sand ; 
sulphate  of  barytes  being  found,  it  will  be  remembered,  in  the  fuller's* earth  of  Nutfieldy  at  the 
bottom  of  the  latter  formation*. 

About  2040,  are  strong  beds  of  sand-rock  including  concretions  of  hard  grit ;  and  thence 
westward  the  entire  cliff  is  composed  of  reddish  clay  and  sand.  From  this  part  of  the  series, 
which  seems  to  correspond  to  the  strata  near  Brook  Point,  on  the  south-west  coast  of  the  island, 
It  is  probable  that  the  remains  of  the  Iguanodon  have  been  derived,  of  which  Dr.  Buckland  has 
given  an  account  in  a  paper  read  before  the  Geological  Society  t :  and  near  the  same  place  beds  anse 
of  purplish  red  and  variegated  clay,  alternating  with  fuller's-earth  of  a  clear  bluish  green  colour, 
mixed  with  cohesive  sand. 

(99.)  Strata  from  Bonchurch  Cove  to  the  middle  of  Sandown  Bay. 

The  direction  of  the  coast  on  the  south  of  Sandown  Bay^  from  the  Fort  to 
the  south  of  Dunnose|,  is  about  15^  west  of  south.  But  on  rounding  that 
promontory  the  direction  changes^  and  the  general  trend  of  the  coast  thence  to 
Rocken  End,  is  to^rards  a  point  between  15°  and  17®  south  of  west,  which 
seems  to  be  generally  the  strike  in  the  southern  portion  of  the  island ;  the 
dip  being  south  17°  east. 

The  summit  of  the  Downs  here  consists  of  Chalk,  with  the  Upper  greeri'sand  beneath ;  and  the 
subsidence  of  the  Gault  has  produced  very  extensive  ruin,  especially  at  East  End  and  thence  to 
Luccombe ;  the  debris  there  affording  numerous  fossils,  among  which  were  the  following : — Am' 
rmmiles  Rhotomagensis,  A.  Seliguinus,  A.  varians,  Gryphisa  vesiculosa^  Inoceramus  tenuis^  My  a 
mandibular  Ostrea  spinosat  Pecten  orbicularis,  Serpulae,  Vermetus  Polygonalis, 

The  Lower  green-sand  rises  a  little  on  the  west  of  the  streamlet  at  Bonchurch-Cove,  and  the 
following  subdivisions,  though  in  a  great  measure  arbitrary,  will  give  a  general  notion  of  its  com- 
position. 

*  Sulphate  of  barytes  has  been  found  also  in  the  Upper  green-sand  at  Worbarrow  Bay,  Dorset- 
shire. 

-F  Proceedings,  vol.  i.  p.  159 :  and  Geol.  Trans.  2nd  Series,  vol.  iii.  p.  421. 

\  The  names  of  the  headlands  in  the  Ordnance  Map  of  this  part  of  the  coast,  are  different  from 
those  of  the  Admiralty  chart  and  of  Mr.  Webster's  map  of  the  island.  In  the  former,  the  height 
between  Luccombe  and  Shanklin  Chines  is  called  Dunnose  ;  and  the  greater  promontory  between 
Luccombe  and  Bonchurch-Cove,  (which  in  the  other  maps,  above  mentioned,  is  named  Dunnose,)  is 
called  Chine-ftead.  I  have  adopted  the  position  assigned  to  Dunnose  in  the  Admiralty  chart.  The 
top  of  Shanklin  Down,  (which  is  not  very  different  from  the  general  level  of  the  Chalk  Downs 
hereabouts)  is  according  to  the^Ordnance  Survey,  792  feet  above  the  sea. 
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A.  BoMCBVMCB  Corn  to  aJUsure  north  ofLiTTtmsTAiRB  Po^nt. 

a.  Tbe  top  of  tbe  fint  group  of  Huidi  about  SO  ftet  thick,  may  be  traeed  nonh-eastwirdy  and 
thence  north,  to  ita  outcrop  in  the  ahonlder  of  the  diff,  above  a  point  called  HoTMledge,  imme- 
diately on  the  east  of  Denraneir.  It  it  eompoaed  chiefly  of  brownish  sand ;  bat  in  some  placet 
reddish  and  yellow.  It  may  be  remarked  in  general  of  these  strata,  that  the  colomr  seems  to 
depend  on  the  accident  of  exposure  to  moisture;  the  recent  sur&ces  disclosed  by  the  falling 
away  of  the  difli,  being  frequently  finrnginous  yeUow,  or  even  whitish;  whilst  in  other  pans  of 
the  same  beds  the  hues  are  brown  and  dark  greenish  grey :  the  diflerence  arising  apparently 
from  die  state  of  die  iron,  which  the  sand  contains. 

&.  The  next  group,  also  about  SO  fiset  thick,  is  composed  of  dark  brownish  sand  and  sandy  chyi 
but  is  blight  yellow  in  some  of  its  higher  points.  It  rises  at  a  short  distance  eastofBonchnrch 
CoTe,  occupies  the  shore  thence  to  Steel  Bay,  and  fimns  the  principal  portion  of  die  diflSb  at 
Loeoombe  Chine,  whence  it  is  continued  nordiward  to  the  summit  of  Knock-Clifl^  on  the  south 
of  Shanklm  Chine. 

c.  The  bed  or  group  which  rises  about  midway  betwe«:i  Steel  Bay  and  Luccombe  Chine  extends  on 
the  shore  to  about  an  equal  distance  nordi  of  the  Chine,  and  goes  out  beneath  die  summit  of 
Knock-cliff.    It  is  about  30  ftet  diick,  generally  of  a  dark  grey  and  brownish  hue. 

d.  At  a  place  called  Derranew,  nordi  of  Luccombe  Chine,  a  bed  rises,  of  much  darker  hue,  and 
more  approachii^  to  day  than  the  preceding.  It  occupies  about  a  third  of  Knock-difl^  near 
the  lower  part,  where  it  spreads  into  a  terrace ;  forms  the  upper  part  of  Shanklin  Chine,  md  caps 
the  diff  as  ftr  as  the  south  side  of  Small-hope  Chine,  a  detached  pordon  appearing  an  the  top 
of  die  cliff  at  Littk-stairs  Point  From  this  stratum  masses  have  fallen,  like  those  of  Ptohatn 
in  Western  Sussex,  consisting  of  h^hly  ferruginous  sand-rock,  with  numerous  impressions  of 
shells  (Oerrillia — Natica —  Rostellaria — ^Terebratula — ^Thetis — ^Trigonia — ^Turbo — ^Venus  ?). 
These  are  found  in  nodules  loose  upon  the  beach  south  of  the  Chine,  and  tn  ritu,  within  the^ 
Chine  itself,  at  the  upper  part ;  and  the  debris  of  these  upper  strata,  at  the  foot  of  the  difi 
between  Shanklin  and  Small-hope  Chines,  afford  several  varieties  of  concretional  sparry  stone, 
abounding  in  green  particles,  like  the  blocks  on  tbe  shore  near  Folkstone  (20.),  containing  the 
remains  of  an  Astacus,  Corals,  and  Spatangi,  with  shells  of  the  genera  Ostrea,  Serpida,  Sphsrs, 
and  Trigonia. 

€.  A  bed  or  group,  not  very  prominendy  distinguished  from  the  last,  rises  imroediatdy  on  the 
south  of  Knock-diff.  It  is  in  general  of  a  dark  greenish,  mud-like  hue,  contains  a  great  pro- 
pordon  of  silicate  of  iron,  and  seems  to  correspond  to  part  of  the  middle  group  between 
Sandgate  and  Folkstone.  This  occupies  about  a  third  of  Shanklin  Chine,  and  forms  the  upper 
pordon  of  Small-hope  Chine,  whence  it  declines  a  litde  to  the  chasm  at  Little-stairs  Point,  by 
which  it  seems  to  be  cut  off  abrupdy. 

f.  Appears  above  the  sea  on  the  south  of  Shanklin  Chine ;  forming,  as  it  rises,  a  terrace  covered 
with  the  debris  of  the  upper  strata,  as  far  as  Small-hope  Chine,  where  its  top  is  about  22  feet 
above  sea ;  and  then  declines  to  the  fissure  near  Litde-stairs  Point.  It  consists  of  an  intensely 
deep  green,  almost  black  sand,  (no  doubt  a  part  of  the  middle  group  of  Folkstone),  and  in 
many  places  contains  very  fine  specimens  of  Gryphaa  nnuaia. 

Immediately  on  the  north  of  Little-stairs  Point,  about  800  paces  north  of  Small-hope  Chine  (and 
about  1600  from  Shanklin  Chine)  is  a  remarkable  break  or  fissure :  and  here  Sir  John  HerscheJ 
found  reason  to  suppose  that  a  fault  exists,  the  strata  on  the  north  of  the  chasm  not  correspond* 
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ing  with  those  on  the  south  of  it.  The  occurrence  of  such  faults  is  highly  prohable,  from  the  proxi- 
mity  of  this  place  to  the  great  displacement  in  the  central  ridge  of  the  island*. 

Hence  to  the  end  of  this  cliff,  in  Sandown  Bay,  the  beds  rise  more  rapidly  than  in  the  preceding 
part  of  the  section,  from  Bonchurch ;  and  the  order,  in  Sir  John  Herschel's  sketch,  beginning 
at  the  fissure,  is  as  follows : 

B.  From  thejissure  to  the  middle  of  Sandown  Bay. 

Pace*, 

0—580.  The  cliff,  about  100  feet  high,  which  forms  the  north  side  of  the  fissure,  consists  of  three 
portions. 

1.  Bright  yellow  sand,  which  goes  out  at  400,  perliaps  a  continuation  of  e,  last  page?  : 

2.  Deep  muddy  green,  almost  black  sand  or  silt,  (perhaps  a  continuation  of/?)  going  out  at  top 
about  580.     The  beds  1  &  2,  together,  occupy  about  a  fourth  of  the  cliff,  at  the  upper  part. 

3.  A  thick  stratum  of  sand  of  various  hues,  cut  off  by  the  fissure  on  the  south,  but  occupying 
the  shore  thence  to  about  600 :  the  bottom  rising  rapidly,  and  going  out  near  1400  at  the 
top  of  the  cliff,  which  is  there  about  110  feet  high.     This  stratum  is  subdivided  thus: — 


a.  Sand,  dark  red  and  dull  brown,  with  a 
greenish  tinge ;  entirely  cut  off  by  the  fis- 
sure, not  coming  down  to  the  shore. 

6.  A  thicker  bed  of  sand;  at  the  bottom  dull 
gpreenish  and  dark  grey, — but,  as  it  rises, 
of  a  vivid  yellow,  in  some  places  tinged 


with  red.  Dip,  about  S^  at  the  bottom, 
about  2°  at  top.  Contains  GrypluBa  si- 
nuata  in  great  numbers, 
c.  Vivid  yellow  sand,  harder  than  a  and  b ; 
rising  on  the  shore  at  420,  and  extending 
thence  to  580.     Dip,  3^. 


580 — 1100.  A  great  bed  of  sand,  dull  dark  grey  on  the  shore,  but  at  the  upper  part  lighter,  and 
near  its  disappearance  bright  yellow.  This  bed  is  much  subdivided  as  it  ascends  ;  the  lowest 
subdivision  consists  of  transversely  disposed  layers  {false  stratification),  on  which  those  above 
rest  unconformably,  indicating  either  an  inclined  beach  or  some  peculiarity  of  deposition.  Goes 
out  at  top  at  1750. 

1 100 — 1S68.  Sand ;  grey  at  the  bottom  of  the  cliff,  bright  yellow  at  top.    Goes  out  about  1780. 

1268 — SOOO.  A  very  thick  bed  or  group,  consisting  of  sand,  and  very  sandy  clay  or  silt.  Goes  out 
at  top,  about  2150. 

1268 — 1680.  A  very  dark  sand  or  silt,  of  a  deep  dirty  green,  or  almost  black  colour. 

1500.  Dark  arenaceous  clay,  with  yellow  and  green  efflorescence.     Dip,  5^ — 10°. 

[The  cliff,  from  1780,  northwards,  declines  rapidly  in  height.] 

2000.  Sand,  luteous  yellow,  without  cohesion. 

2000 — ^2160.  A  clayey  sand,  or  rather  arenaceous  clay,^-dirty  brown  silt ;  yeUow  at  the  upper 
part :  about  20  feet  thick.     The  bottom  goes  out,  at  the  top  of  the  declining  cliff,  about  2270. 

2160—2300.  Yellow  sand. 

2300.  Dull  yellowish  sand,  with  thin  blackish  layers.     Apparent  dip,  about  25°. 

2350.  Bright  yellow  sand. 

2400.  The  coast  bank  is  of  sand,  15  or  20  feet  high.  The  cliff  ends  here,  and  the  flat  begins. 
A  low  sand-hill  commences  about  2486.     (Qua,  loose  blown  sand  ?) 


*  My  own  section,  however,  ascribes  the  more  rapid  rise  of  the  beds  on  the  north  of  the 
prominence  at  Little-stairs  Point,  to  the  change  in  the  direction  of  the  shore ;  which  brings  the 
face  of  the  cliff  more  nearly  into  the  line  of  the  greatest  inclination,  and  makes  the  dip  appear 
to  be  greater  than  before. 

2c2 
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2700.  The  King's  Head  Inn,  at  Sandown,  by  Sir  John  Herschers  measurement,  is  2700  paces 
from  th^  gap  or  fissure  at  Little-stairs  point. 

The  coast,  from  the  end  of  the  cliff  above  mentioned,  to  a  point  about  400  paces  north  of  the 
Fort,  is  a  dead  flat,  occupied  by  the  Weald-clay,  which  is  visible  at  low  tides  on  the  shore 
beneath  the  Inn,  and  thence  southward. 

At  364  paces  north  of  the  Inn,  beds  of  ferruginous  (Hastings)  sand  first  make  their  appearance, 
rising  from  beneath  the  clay,  which  dips  to  the  south-west  at  an  angle  of  about  5^  :  this  being 
the  descending  side  (on  the  south-west)  of  the  curve,  of  which  the  summit  is  at  SSSQ  of  the  pre- 
ceding list,  (97.)* 

(100.)  Strata  on  the  South-west  Coast  of  the  Isle  of  Wight,  from 

Blackoano  Chine  to  Brook  Chine. 

At  the  west  end  of  the  back  of  the  island^  the  Lower  green-sand  makes  its 
appearance  beneath  the  Gault^  a  little  to  the  east  of  Puckaster  Cove^  where 
the  sands  are  ferruginous.  I  have  no  sections  from  that  point  to  Black- 
gang  Chine^  a  space  much  obscured  by  ruins  fallen  from  above :  but  thence 
westward^  the  sections^  from  about  the  middle  of  the  Lower  green -sand  to 
the  lowest  beds  of  the  Hastings  series  which  appear  above  the  sea^  are  probably 
the  most  complete  and  the  best  developed  that  anywhere  exist  in  England.  In 
the  following  list^  the  numbers^  as  far  as  Cowleaze  Chine^  are  taken  from  Sir 
John  HerschePs  sections^  and  the  descriptions  from  his  notes^  with  additions 
frotn  my  own. 

A.  Blackgang  to  Cowleaze  Chine. 

In  the  broken  ground  above  Blackgang  Chine,  whitish  sand-rock  is  visible  immediately  beneath 
the  Gault,  above  the  Sand- rock  spring*,  which  breaks  out  about  150  feet  above  the  sea,  and  ap- 
parently about  50  feet  below  the  top  of  the  green-sand,  from  whitish  sand,  containing  much  lignite 
in  small  fragments,  with  a  considerable  depth  beneath  of  dark  and  ferruginous  sands  mixed  with 
clay.  There  can  be  little  doubt  that  these  upper  beds  which  form  the  shore  between  Puckaster 
Cove  and  Blackgang  Chine,  belong  to  the  uppermost  group  of  this  formation.  (See  above  (16.)  et 
seq.)  The  same  beds  form  also  the  heights  about  the  village  of  Chale,  and  seem  to  extend  from 
that  place  from  Walpen  to  Kingston,  as  already  mentioned,  (93.)  p.  184. 

The  strata  immediately  over  Blackgang  Chine,  rise  upon  the  shore  at  a  considerable  distance  to 
the  east  f.     They  consist  of  the  following  substances : 

•  A  full  account  of  this  spring,  by  the  late  Dr.  Marcet,  has  been  published  in  a  former  volume 
of  these  Transactions,  (1st  Series,  Vol.  I.  p.  213,  &c.).  It  is  remarkable  for  the  extraordinary 
quantity  of  saline  matter  which  the  water  holds  in  solution; — ^no  less  than  107  grains  in  16  ounces; 
of  which  41*4  are  sulphate  of  iron;  31*6  sulphate  of  alumina.  The  saline  matter  in  one  of  the 
strongest  mineral  waters  previously  known,  at  Horley  Green,  near  Halifax  in  Yorkshire,  is  only 
40  grains  in  the  same  quantity  of  water.  The  water  of  the  streamlet  at  Blackgang  Chine  itself  is 
pretty  strongly  impregnated  with  sulphate  of  iron. 

t  The  gravel  on  the  beach  along  this  part  of  the  coast  consists,  in  a  great  measure,  of  small 
rounded  fragments  of  chalk  flint ;  which,  from  their  incessant  agitation  under  the  surge,  are 
worn,  and  almost  polished,  to  such  smoothness  and  mobility,  as  to  render  it  extremely  laborious 
to  walk  there. 
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[^Lower  green'Sand,"] 


ly  2.  Loosely  coherent  sand  and  sand-rock. 

3.  Dark  sand  or  silt,  like  loose  black  mud. 

4.  Sand-rock  like  1  and  2,  in  homogeneous 
blocks. 

5.  Black  mud-like  sand. 

6.  A  great  bed  of  sand,  loosely  coherent,  like 


1,  2y  and  4,  in  blocks  about  6  feet  thick. 

7.  Loose  black  mud  or  silt^  much  like  5. 

8.  Mere  loose  sand,  without  cohesion. 

9.  Black  earthy  sand,  rising  on  the  shore  about 

900  paces  east  of  the  Chine,  and  forming 
the  bed  over  which  the  streamlet  fells. 


X20 


In  the  following  detail  of  the  strata,  the  distances  are  measured,  in  both  directions,  from  the 
middle  of  the  Chine,  as  being  one  of  the  most  remarkable  points  of  the  shore. 

TMekness 
^«^"-  in  Feet, 

850  to  560,— east  of  the  Chine.     Yellow  agglutinated  sand  above,  passing  below  into  a  dark" 
muddy  silt.    It  has  no  green  earth  in  it.   This  bed  forms  the  upper  stony-looking  layer  over 
which  the  water  falls  at  the  Chine. 

The  bottom  goes  out  at  350  paces  west  of  the  Chine ;  15 — 20  feet  thick.  ^ 

0*  Middle  of  Blackgang  Chine, 

560  east,  to  340  west  of  the  Chine.   Sand,  full  of  green  earth.   The  second  or  middle  stony-  -i 

looking  bed  of  the  fall,  which  has  there  a  convex  surface 1 20 

Bottom  goes  out  at  590  west  of  the  Chine  J 

240  east,  to  400  west  of  the  Chine.   Very  dark  or  almost  black  sand,  forming  the  base  of  the  -i 
cauldron  of  Blackgang ;  coloured  red  externally  by  the  action  of  water  and  air  on  the  ferru-  1 15 
ginous  matter  which  it  contains Goes  out  at  1040  west  of  the  Chine.  J 

400  west  of  the  Chine,  to  530.   Black  slaty  clay  or  mud,  like  mashed  slates,  without  solidity  1     . 
of  aggregation ;  decomposes  into  muddy  earth.  • Goes  out  at  1130  west,  j 

500.  Hereabouts  are  very  remarkable  stems  of  Siphoniae. 

[This  part  of  the  shore,  about  500  paces  north-west  of  the  Chine,  is  called  CUff-EndJ] 

530  to  614.  Green-sand  closely  intermixed  with  ferruginous  layers  and  much  pyrites,  which  1     . 
give  it  compactness  and  soli<]Qty • Goes  out  at  1420  west,  j 

QI4 — 768.  Three  feet  at  top,  forming  a  transition  from  the  last  stratum,  by  alternation  with  i 
the  following.    Below,  10  feet  consist  of  deep  green,  almost  black,  and  very  uniform  sand ;  V 13 
without  fossils Goes  out  at  1520.  J 

768 — 813.  Rugged  ferruginous  sand,  of  a  brown  colour    Goes  out  at  1580.       7 

813 — 1090.    1 .  Mixed  green  and  yellow  sand,  very  dark,  including  Gryphiea  sinuatOf  in  very 
hard  tough  lumps Thickness,  4  feet. 

2.  A  second  bed,  at  the  bottom  of  which  is  a  layer  ofGryphcea  sintuUa 1  foot.  1 1 2 

3.  Mixed  brown  and  green  sand,  including  detached  specimens  of  Gryph.  sinuata. .  7  feet. 

The  bottom  of  this  group  goes  out  at  1800. 

1090 — 1360.  Very  green  sand,  softer  than  the  last.  Cliff  mural.  Lines  of  false  stratification  1 
at  the  top This  bed  goes  out  on  the  east  side  of  Walpen  Chine  about  1910.  j 

1360-^1590.  Brown  green-sand,  much  like  the  last,  but  different  in  cohesion    1 

Goes  out  at  top  in  the  east  side  of  Whale  Chine,  at  2480.  j 

About  1431,  a  copious  spring  has,  in  its  fall,  coloured  the  whole  face  of  the  cliff  with  a 
broad  red  streak.  The  whole  seems  to  be  greenish  grey  sand,  and  clay ;  very  dark  and 
moist.  The  cliff  continually  scales  off  in  great  flakes,  which  are  washed  away,  so  as 
not  to  form  much  talus.     Red  drip  frequent 

1590 — 1800.  Sand,  with  layers  of  great  flattened  and  oval  concretions  of  very  tough  calci-  -| 
ferous  stone,  2  feet  in  diameter.    X^*'^*  ^^^  ^^  Cowstones  of  the  Devonshire  coast*]  . .  M2 

Goes  out  at  2660.  J 


*  See  De  la  Beche,  Geol.  Trans.,  2nd  Series,  vol.  ii.  p.  113. 
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Thiehuu 
Paces,  in  Feel, 

1800 — ^S200.  Very  dark  sand,  which,  from  2100  to  JS400,  forms  a  mural  cliff,  standing  back  1 
behind  the  rubbish  of  the  next  stratum  below,  and  its  own.  At  2200  it  is  cut  into  a  ravine  I 
(not  marked  in  the  Ordnance  Map)  called  Ladder  Chine :  there  is,  however,  very  little  of  | 
a  stream  from  it.     This  stratum  forms  the  beach-line  of  JValpen  Chine.     Goes  out  at  dO  1 0.  J 

1950.  The  middle  point  of  Walpen  Chine. 

S200 — 2900.  Loose  dark  mud.  It  contains,  especially  at  2400,  the  large  Gryphsea,  but  i 
smaller  than  the  gigantic  specimens  of  the  beds  next  below.  The  ruins  of  the  stratum  > 
form  a  terrace-like  projection,  increasing  in  height  gradually  from  2200.  Goes  out  at  3800.  J 

2570.  The  middle  point  of  Whale  Chine. 

2900 — 294S.  A  group  of  sand,  the  bottom  of  which  goes  out  at  3710 

3070.  A  bed  of  fine  large  Gryphites,  over  2  feet  of  sand,  hardened  so  as  to  throw  out  the 
springs,  which  have  stained  its  exterior  a  vivid  red Thickness,  4  feet. 

3100.  Very  large  Gryphites,  in  the  same  hard,  green  brown  sand.  They  occur  in  knobs,  and 
are  concreted  firmly  together.    [Clusters  also  of  Serpulae  and  Terebratuhe.] 

3146.  A  layer  of  fine  Terebratulse,  strongly  agglutinated  in  the  darker  green  sand 

S\52.  Gigantic  Ghryphites  below  the  layer  of  Terebratulse,  at  3146 

3170 — 3400.  Brown  sand;  upper  part  more  compact  than  lower.  The  bottom  goes  out  at  4610. 
3400—^560.  Sandy  silt Goes  out  at  3410.     10 

[This  part  of  the  shore,  which  is  called  Atherfield  Hieh'cUff^  strongly  resembles  that 
between  Shanklin  Chine  and  the  middle  of  Sandown  Bay.] 

3560—3700.  Dark  mud Goes  out  at  4610.     10 

3700.  Hard  tough  sandstone,  passing  into  the  next  division  below,  which  is  sofler.     The  ' 
separation  is  marked  by  great  concretionary  masses,  in  balls  or  kidneys,  some  of  them 
6  or  7  feet  long,  and  4  to  18  inches  thick,  including  Gryphcea  sinuata  and  Perna,  with 
small  Ammonites  in  pyrites.     Similar  concretions  occur  also  at  the  top  of  this  bed,  and  at  1 23 
the  bottom  of  the  next    This  division  goes  out  at  6070. 

4010.  Passes  insensibly  into  the  mud  next  below :  near  the  junction  a  small  Ammonite. . . . 

Goes  out  about  6080.  ? 

4010 — 4725.  A  loose,  incoherent,  blue-grey,  muddy  clay.  It  is  in  a  state  of  great  ruin,  and  -j 
has  overwhelmed  the  beach  with  a  vast  talus  of  its  mud,  which  bases  the  sand-cliff  at 
Atherfield^  and  forms  a  slope,  on  which  are  fishing-huts,  boat  capstans,  and  a  path  up  to 
the  Preventive  Station,  which  cannot  be  seen  from  the  beach.  The  place  where  this  bed 
goes  out  at  top  is  indistinct,  but  it  seems  to  form  the  upper  part  of  the  south-east  side  of 
Shepherd's  Chine,  about  6100  

[This  clay  appears  to  be  the  equivalent  of  the  fuller's- earth  of  Surrey.  It  is  about 
15  to  30  feet  thick  and  contains  very  numerous  fossils:  Ammonites,  Echini,  Tere- 
bratulse and  Corals;  with  crystals  of  sulphate  of  lime,  perhaps  produced  by  decom- 
position.] 

4725 — 4775.  Brown  and  green  sand-stone,  2  feet  thick,  and  well  defined 

[Apparently  the  equivalent  of  the  lowest  beds  of  stone  very  near  to  the  bottom  of  the 
Lower  green-sand  at  Hythe ;  and  here  abounding  in  marine  fossils,  among  which  are  the 
following  genera:  Ammonites,  Avicula,  corals,  Corbula,  Cucullsea,  Exogyra,  Gervillia, 
Gryphaea  (especially  G.  sinuata\  Nautilus  elegans^  Ostrea,  Panopaea,  Pecten,  Pinna, 
Plagiostoma,  Serpula,  Thetis,  Trigonia,  Vermetus,  with  others  of  the  Lower  green-sand. 
Nothing  can  be  more  striking  than  the  sudden  contrast  between  such  an  assemblage  and 
the  fossils  of  the  clay  immediately  below.] 

The  continuation  of  this  fossiliferous  stratum  is  still  visible,  high  up  in  the  ruined  face 
of  the  cliff  and  above  the  clay,  as  far  as  5700  paces 
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►  50—70 


Tkkknets 
Paeu.  iWeald  Clay.]  in  Feet. 

4775—5700.  A  mass  of  incoherent,  muddy-brown,  grey,  and  blue  clay  immediately 
succeeds  to  the  last  bed,  and  goes  out  in  the  east  side  of  Shepherd's  Chine  about 
6100.  It  has  covered  the  beach  with  an  immense  ruin  of  mud,  which  contains  the 
substances  under  mentioned.  The  ledge  called  Atherfield  RockSf  which  is  visible  at 
low  water,  about  10  feet  below  the  bed  of  sand-rock  with  Grj^hites,  consists  of  blue 
slaty  clay,  including  Cypris  Valdensis  in  myriads,  with  thin  portions  of  pyrites 

Between  4800  and  5000  is  Atherfield  Point;  and  here  the  course  of  the  beach  alters. 
5040.  *  At  this  point  the  stratification  of  the  clay  is  distinctly  discernible  on  the  beach. 
It  is  deep  blue  black,  and  shivery    

5440 .  Here  occurs  a  thin  seam  of  pyrites  in  large  flat  cakes,  with  rounded  outlines,  in 
great  abundance.  They  seem  to  form  a  bed,  but  are  individually  discrete,  like  the 
flints  in  chalk*.    The  rise  of  this  seam  is  not  visible  •••••• 

5500.  Large,  well-formed,  transparent  crystals  of  selenite,  2  or  3  inches  long,  lozenge- 
shaped,  not  lenticular 

5580.  Thin  stony  layers  of  very  tough  limestone,  half  an  inch  thick,  which  seems  to 
consist  of  agglutinated  small  oysters,  the  flat  shells  of  which  are  chiefly  visible. 

About  5700,  immediately  on  the  west  of  Atherfield  Point,  is  a  deep  and  rugged  recess, 
called  TiepU. 

5700 — 62M.  A  thick  bed  (50,  60,  or  70  feet)  of  black  shaly  mud,  including  occasional 
layers  of  tough,  hard,  shelly  limestone,  consisting,  seemingly  of  agglutinated  bivalves 
(Cyclades)t«  The  concave  surfaces  of  the  shells  lie  uppermost,  and  form  the  whole 
surface  of  the  layers.  The  lower  surface  of  these  layers  of  stone  is  curiously  corru* 
gated,  (or  studded)  with  short,  crossing  protuberances,  apparendy  the  edges  of  pro- 
jecting shells.  The  layers  are  one  or  two  inches  thick.  There  are  also  in  this  bed 
tough,  stonv,  non-efiervescent  layers;  but  the  general  material  is  a  blue  or  black  clay, 
which  breaks  into  thin  layers,  like  mashed  slates.  [This  bed  constitutes  the  bottom 
and  a  great  portion  of  the  lower  part  of  Shepherd's  Chine :  it  rises  to  the  top  of  the 
difi*,  far  to  the  west,  about  500  or  600  paces  west  of  Cowleaze  Chine.'] 

6S20.  About  this  point  is  the  middle  of  Shepherd's  Chine^. 

G220 — 6440.  The  whole  is  yellow  sand,  but  little  coherent;  the  upper  part  more 
compact,  including  large  pyritous  balls  excessively  hard  and  tough ;  the  lower  sof^ 
and  shivery.  This  bed  occupies  on  the  shore  about  half  the  space  from  Shepherd's 
to  Cowleaze  Chine.  The  top  goes  out  about  900,  the  bottom  at  1200  paces  west  of 
Cowleaze.  It  crosses  Cowleaze  Chine  at  the  upper  part,  and  thence  westward 
rises  steadily  at  the  upper  part  of  the  cliff • 

6440 — 6615.  Upper  7  feet  shaly  mud,  in  thin  flakes  ;  lower  S  feet  black,  not  adhesive 
mud,  which  breaks  into  layers.    No  fossils.    The  whole  10  feet  thick 

6615,  to  about  20  north-west  of  Cowleaze  Chine.  A  stratum  consisting  of  two  layers : 
upper  3  feet  sand ;  the  lower  3  feet  a  black  shaly  clay,  passing  into  the  stony  stratum 
next  below.  Goes  out  about  1500  paces  north-west  of  the  Chine 

6650.  Is  about  the  middle  of  Cowleaze  Chine. 

*  Flat,  cake-like,  nodules  of  pyrites  occur  in  what  I  have  supposed  to  be  the  upper  part  of  the 
!Weald-clay,  at  Peasemarsh,  near  Guildford  in  Surrey.     See  above  (64.). 

t  Some  of  these  beds  of  limestone  break  into  rhomboidal  pieces,  the  angles  of  which  projecting 
in  the  face  of  the  cliff,  produce  serrated  lines  remarkably  contrasted  with  the  uniform  surface  of 
the  clay. 

X  It  is  through  this  chine  that  a  streamlet,  which  once  made  its  way  to  the  shore  at  Cowleaze 
Chinet  now  reaches  the  sea ;  and  the  manner  in  which  the  alteration  was  produced,  shows  the 
facility  of  changes  on  a  coast  composed  of  materials  like  these  sands  and  clays.  The  streamlet 
in  the  Ordnance  Map  is  seen  to  rise  near  the  village  of  Kingston,  probably  at  the  junction  of  the 
ferruginous  upper  member  of  the  Lower  green-sand  with  the  middle  retentive  group  (25.).  It  was 
very  tortuous  near  the  shore,  and  formerly  came  close  to  the  edge  of  the  cliff  near  its  present  out- 
let, but  made  its  Wiy  to  the  beach  at  Cowleaze ;  till,  the  sof^  and  narrow  barrier  at  top  having  been 
cut  through,  the  water  soon  deepened  the  chasm,  and  formed  anew  chine,  leaving  its  previous  bed, 
with  Cowleaze  Chine  itself,  deserted  and  dry. 


} 
} 
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[Am  tbe  WeaU'  Chjf  and  its  ptmage  into  the  lancb  beneith  are  better  displayed  here  than  in  any 
other  place  with  which  I  am  acquaintedi  I  shall  subjoin  a  more  detailed  enmneration  of  the  bedi, 
cottected  from  the  snccessive  portions  of  the  niinons  diff,  which,  lAen  I  examined  the  place^  were 
well  exposed  on  the  shore  at  I^fiit  thence  to  SkepkerJP$  Ckim^  and  within  that  Chine  itadf  and 
CcmleoM  Ckme*  This  list  is  still  no  more  than  an  approcumations  but  time  and  labour  only 
are  required  to  carry  the  enumeration  to  a^y  extent  of  detafl :  it  begins  almost  immediatdy  be- 
neath the  remarkable  bed  above  mentioned  as  abounding  in  fiissils  (4725 — 4775)9  which  may  be 
consideied  as  the  lowest  member  of  the  Lower  green-ssnd*] 


A  group  of  beds,  fidl  of  crystals  of  sul- 
phate of  liine,  perhras  produced  by 
exposure :— detail  thus : 
a.  Clay,  with  much  pyrites  •••• 
ft.  Greenish  and  Uue  slatT  day  • 
c.  Clay  and  sand,  in  thin  altemate 
course,  induding  minute  bones 
of  fishes 

Dark  bluish  grey  daty  day,  with  thinn 
courses  of  very  fii^  lig^t  greoiish  >  8 
sandy  day J 

A  bed  of  limestone,  with  thin  oyster- "I    ^ 
shdls  (or  Gryphitesf)  indistinct  •  •  / 

Shale,  as  above,  abounding  in  Cjmrit-i 
VatdmuUf  and  including  a  bed  of  V  1 
pyrites  withPofaiiinasibiifate....  J 

A  course  of  limestime,  with  CydsdesV  ^ 
at  the  bottom •.•••••••••/ 

Thin,  jpaper-like  courses  of  sand,  dter- 
naUng  with  slaty  day  •••••••••• 

Bluish  grey  shale,  with  small  bones  of 
fishes  and  some  crystals  of  sulphate 
of  lime •••.••.•••••• 


Ft  In. 


12     0 


Sandy  day  of  a  lighter  hue 0 

Bluish  grey  shale,  with  Cypris  and  fish  1    . 
bones ••••••••• j 

Greenish  grey  shale ;    the  folia  pene- 1 
tratedbycylindricalandverticdpor-  r    1 
tions  (like  stems)  of  lighter  greysand-' 

Flat  nodular  portions  of  very  poor  day  1    ^ 
iron-ore •  •  j 

Greenish,  very  sandy,  clay  .••••...       2 

Greenish  grey  sand  and  clay  in  thin 
courses,  altematinff  with  dark,tough, 
slaty  clay,  contaming  clusters  or 
patches  ofCyclas  media  with  Cypris 
Faldensis 


3 


4     0 


2 
6 

6 

2 
0 


10     0 


Ft  la. 
Similar  beds,  induding  pyritous  wood  %  • 
and  pyrites,  with  a  band  of  siliceous  I 
limestone,  curioudvemboned  at  the  ?>  7    0 
bottom  with  Cydades  converted  into  I 
carbonate  of  lune  (see5700;  p.197).  ^ 

SimOarbeds 8    0 

Shale  with  Cypris  FoMeiMif 4    0 


6 

6 
0 
0 


Sandy  day,  induding  a  bed  6  indiesl  .  ^ 
thick,  of  great  firmness.  •••••••••/ 

White  sand-rock  1 

Sandy  day  and  shale  •••••••• 8 

Ditto,  of  ligihter  colour •••••••       1 

Beds  of  sand  and  day,  induding  no-1    i 
dules  of  iron-ore  ••••• •••/ 

Greenish  white  sand  in  stripes  •  •  •  •  2—4 

Apparentlv  light  greenish  sand  andl  «|| 
brownish  sandy  day •••  J 

Greenish  grit,  containing  numerous  1    « 
empty  moulds  of  Cydades j 

Yellowish  sand-rock,  with  lines  of  fidse  1 

stratification • r  I  ^^ 

[A  line  of  darker  hue  occurs  in  the  f 

group.    Qtue.  Remains  of  bones?]     J 

[The  preceding  group  of  grit  and 
sand-rock,  which  is  not  improbably 
the  equivalent  of  one  of  Mr.  Martin's 
beds  subordinate  to  the  Wedd-day, 
first  appears  on  the  shore  about  the 
opening  of  Shepherd's  Chine;  and 
rising  dience  gradually  westward,  oc- 
cupies about  20  feet  in  the  side  of  Coiv- 
leaze  Chine,  near  the  middle.] 

Beds  of  greenish  grey  sandy  clay,  of  \ 
two  shades  of  colour,  alternating  with 
specks  of  mica.  A  range  of  nodules  of  \l5  0? 
iron-ore  is  within  a  few  inches  of  the 
top,  containing  Paludinae  and  Cydades. 

Total  thickness  about  140  feet 


Lighter  coloured  slaty  clay,  containing -| 

Cypris;  alternating  with  grey  and  1 10    0 
whitish,  somewhat  sandy  clay  • .  • .  J 

I  sought  here,  but  without  success,  for  remains  of  the  large  Saurians  like  th(^  of  Loxwood  and 
Tilgate  forest.  Nor  were  there  visible  upon  the  shore  any  continuous  masses  of  subcalcareous 
grit.] 
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B.  CowLEAZE  to  Barneses  Chine;  about  2150 paces. 

The  strata  on  the  west  of  Cowleaze  Chine  afford  little  variety  and  no  very  prominent  features. 

The  Chine  cuts  through  the  bed,  or  group  of  sand-rock  above  mentioned; — which  goes  out  on 

the  north-west  of  a  prominence  called  Barnes's  Hill  (or  Barnes's  High),  and  probably  is  the 

cause  of  its  durability  and  elevation. 

0 — 75,  At  the  foot  of  the  cliff,  where  Cowleaze  Chine  opens  upon  the  shore,  a  seam  of  hard 
yellowish  grey  sand -rock  arises,  which  is  slightly  effervescent :  it  goes  out  at  the  top  of  the  cliff 
about  1800  north-west  of  Cowleaze  Chine.  If  it  were  necessary  to  assign  any  strict  boundary 
to  the  formation,  this  might  be  considered  as  the  beginning  of  the  Hastings  Sands, 

75 — 900.  A  mass  of  reddish  and  variegated  tenacious  sandy  clay  next  comes  in,  much  interspersed 
with  pyrites  and  containing  wood-coal.  It  rises  about  75  paces  from  the  Chine,  and  occupies 
more  than  800  paces  on  the  shore,  the  top  going  out  about  1 800,  and  the  bottom  about  2000, 
very  near  to  Barnes's  Chine.  The  proportion  of  red  and  greenish  variegated  clay,  like  those  of 
this  great  bed,  to  the  sand-rock,  is  henceforward  so  great  in  the  cliffs,  that  the  name  of  sands  is 
misapplied  to  this  part  of  the  formation.  The  general  resemblance  of  the  strata  to  the  va- 
riegated marls  of  the  new  red  sandstone,  {keuper  of  the  Germans,)  has  been  already  mentioned. 

900 — 1050.  A  group  of  sand-rock,  including  in  several  parts  of  its  course  large  nodular  masses 
of  hard  grey  grit,  next  occupies  about  150  paces  on  the  shore.  It  is  about  15  feet  in  vertical 
thickness. 

1050 — 1800.  This  space  on  the  shore  seems  to  be  totally  occupied  by  dark  reddish,  marly  and 
sandy  clay,  variegated  with  greenish  and  grey,  which  form  a  large  portion  of  the  upper  and 
middle  portions  of  Barnes's  Chine. 

1800  to  about  1950.  A  bed  of  sand-rock,  called  by  the  inhabitants  *'  Barnes's  Sand'rock'\  rises 
about  1800.  It  is  cut  through  by  the  lower  part  of  Barnes's  Chine,  and  goes  out  far  to  the 
north-west  of  it. 

1 950.  Dark  reddish  and  variegated  clay  again  comes  in,  and  is  continued  towards  the  north-west. 

S150,  from  Cowleazet  is  the  middle  point  o£  Barnes's  Chine. 

C.  Barneses  Cbine  to  Grange  Chine  ;  S300  paces. 

The  cliff  throughout  this  space  also  is  very  little  varied.  The  bed  of  sand-rock  above  men- 
tioned (1800  to  1950)  rises  steadily  in  the  middle  and  upper  part  of  it,  crossing  Chip's  Chine,  and 
going  out  at  top  near  Ship-ledge,  hereafter  mentioned. 

The  dark  red  and  variegated  clay,  1950,  occupies  the  shore  on  both  sides  of  Barnes's  Chine, 
and  extends  far  to  the  north-west.  The  coast  here  is  throughout  a  range  of  low,  nearly  uniform 
clifii,  of  a  dull  reddish  hue. 

500,  north-west  of  Barnes,  is  the  place  of  CfUp's  Chine, 
1000.  The  place  of  Ship-ledge  ;  a  group  of  sand-rock  beds,  which  runs  out  far  into  the  sea,  and 

is  rendered  more  solid  by  concretions  of  subcalcareous  grit. 
2300.  The  place  of  Grange  Chme. 

D.    Grange  Chine  to  Brook  Chine;  5600 paces. 
635 660.     A  bed  of  sand-rock  rises  at  685  from  Grange  Chine,  and  at  800  is  very  near  tht 

top  of  the  cliff. 
790,  is  nearly  the  place  of  a  chasm  in  the  cliff,  perhaps  Jachnan's  Chine  ? 
1500.  The  middle  .point  of  ChiUon  Chine.     Hence  to  Bull^ock^ledge,  reddish  and  variegated 

marly  sand  and  clay  appear  to  form  the  shore. 
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1900 — f  000.  A  bed  or  gmip  of  saad-jrocki  benefttb  r^dwh  and  ^p^riegated  marly  day  and  landi 
here  oceupies  the  ahore  fi>r  aboat  100  paoea,  finrmiiig  before  it  riaea  one  of  the  principal  ledgea 
of  the  coaat,  which  Btretcliea  fiur  into  the  aea,  and  ia  called  £ii0Hn(^  Thb  bed  in  ita  pro* 

greae  weatwarda  ia  a  remarkable  feature  in  the  diff.  It  ia  from  15  to  ftO  feet  tfaick»  and  riaea 
gradually  to  the  north-weat;  attaining  ita  greateat  heiglht  a!boTe  the  aea  near  a  gap  or  chaam 
at  Samikmore,  and  then  declining  very  alowlyi  till  It  cornea  down  to  the  shore  between  1000 
and  900  from  Brook  Chine.  It  aeema  therefore  to  form  a  carve ;  whichi  howerer, .  ia  only 
apparenti  reanlting  from  the  general  riae  of  all  the  atrata  from  the  interior  towards  the  sea, 
combined  with  the  curvilinear  prominence  of  the  ooaat  between  Chilton  and  Brook  Chines. 
The  true  rdation  of  the  beds  here  ia  explained  in  the  tranaverae  section,  Plate  X.  b.  fig.  4. 

This  sand*rock  bed,  in  ita  ptogresa  through  the  eztenaive  space  juat  mentioned,  ia  of  nearly 
uniform  character,  the  fhief  diflference  arising  from  the  frequent  ccmcretion  of  the  sand  into 
subcalcareoua  grit.  In  aeveral  places,  the  Alien  blocks  contain  cylindrical  atema  of  Siphonia, 
with  shells,  occaaionally,  of  the  genera  Cycka,  Paludina,  and  Unio;  and  the  grey  aand-rock 
includes  small  patchea  or  apecka  of  greeniah  day. 

The  diff  beneadi  the  apparent  curve  formed  by  the  aand-rock  bed,  consists  throngihoat  of 
dark  reddish  and  variegated  marl,  or  aandy  day,  which  aeema  to  form  all  the  lower  portion  of 
the  prmninenoe  at  Southmore ;  the  greatest  height  which  it  attaina  being  about  30  ftet  above 
the  aea. 

In  approaching  Brook  Ckmo^  from  the  spot  where  the  sand-rock  bed  above  mendoned  ainks 
below  the  shore,  the  diff  is  low  and  partially  covered  with  grass,  but  seems  to  oonaiat  of  red- 
dish and  variegated  days. 

A  bed.  of  firm  grey  aand-rock  riaea  at  a  email  angle  firom  the  south-eaat,  about  900  paces 
firom  Brook  Ckme^  which  it  crosses,  and  forming  a  very  slight  but  really  existing  curve,  goes 
down  about  820  pacea  beyond  it,  on  the  north-west ;  the  highest  point  being  near  the  middle  of 
the  Chine.  All  bdow  this  curved  sand-rock  bed  consists  of  dull  red  and  greenish  variqpOed 
clays :  these  are  aeen  especially  in  the  north-west  side  of  the  cove,  or  bay,  which  leada  to  Brook 
Chine ;  and  the  floor  beneath  high-water  mark  is  composed  of  them. 

(101.)  Strata  an  the  South- fVe8t  Coast  of  the  Islm  of  WiGHT,Jrom  the 

Shore  under  Afton  Dojtn  to  Brook  Chjnx. 

The  line  of  the  coast  immediately  under  Afton  Down  cuts  the  strata  very  obliqudy.  The  Ufftf 
green'Sand  does  not  offer  any  important  difference  from  that  of  the  section  under  Bembridge  Down 
on  the  east  of  Sandown  Bay.  The  following  measurement  commences  with  the  rise  of  the  (?aaiA, 
which  is  distinctly  marked,  this  stratum  occupying  a  valley  or  depression  between  the  upper  and 
lower  green-sands. 

0 — 170  is  the  width  of  the  oblique  section  of  the  OauU. 
170 — 7S5.  Lower  green-sand: — affording  nothing  so  different  from  the  other  sections  in  this 

island  already  described  as  to  require  detail. 
512,  The  middle  point  of  Campion  Chine. 

T85 — 1076.  The  Weald  clay  (which  appears  on  the  beach  below  the  cliff  about  710),  first  rises 
distinctly  above  the  beach  at  725 ;  and  thence  for  a  considerable  space  the  shore  is  occupied 
by  mud  and  fallen  ruins,  the  remainder  of  the  original  cliff  being  thrown  back.  Blue  clay, 
however,  is  visible,  apparently  in  situ,  at  several  points  along  the  shore,  and  fragments  of  a  thin 
bed  of  limestone  full  of  Cyclades,  are  firequent. 
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1066.  At  this  point  a  few  regular  beds  of  limestone,  six  to  nine  inches  in  thicknessi  composed 
in  a  great  measurei  of  Cydades,  and  alternating  with  shale  abounding  in  Cypris,  are  dug  out  of 
the  cliff  to  be  burnt  for  lime. 
1076.  Here  beds  of  reddish  day  or  marly  sand,  (like  those  which  occur  below  the  Weald  Clay  on 
the  coast  from  Atherfield  to  Brook  Chine,)  make  their  appearance,  and  occupy  the  shore  to 

about  1850,  where  hime  day  and  shale  are  found  again*. 
1100.  Shore  much  obscured  b^  the  fallen  ruins  of  the  strata. 

1200.  In  the  rentoter  diff,  beds  of  dark  bluish  shale  are  seen,  above  the  reddish  clay. 
1200 — 12S4.  Very  red  day  on  the  shore. 
1276.  A  bed  of  reddish  and  variegated  sandy  day  rises,  evidently  in  situ  ;  and  thence  to  1500, 

an  the  nearer  and  lower  part  of  the  diff  is  composed  of  it,  in  ruins.    Above,  in  the  more  distant 

diff,  is  the  blue  day  of  the  Wealds. 
1450.  Reddish  and  variegated  clay  appear  in  situ  on  the  shore. 
1500.  A  bed  of  sand-rode  of  a  yellowish  grey  colour  rises.     Immediatdy  over  it,  at  1580,  is 

dark  mottled  day,  with  much  pjrrites  and  coal. 
[1600 — 1850.  An  under  cliff  on  the  immediate  shore.] 
1630.  A  group  of  beds  of  sand-rock  rises,  about  10  feet  thick* 
1710.  Thin  beds  of  sand,  with  l^te,  on  the  shore  in  the  under  diff.     In  the  remoter  cliff  is  a 

small  chasm  or  chine  at  the  top  only  f. 
1886.  Bluish  beds  of  slaty  clay  again  rise  on  the  shore,  in  which  Cyprit  Valdami  occurs  abun- 
dantly.   Strata  hence  to  the  next  Chine  much  contorted. 
1980.  A  small  opening  or  chasm,  called  <'  Tnenty-acres  Chine"  on  the  east  of  which  the  cliff  is 

about  40  feet  high.     At  the  upper  part,  immediately  below  the  diluvium,  are  beds  of  bluish 

shale  in  situ. 
[At  the  top,  all  along  the  diff,  from  about  1850  to  Brook  Chine,  is  a  coating  of  diluvial 

loam  and  gravel  of  a  very  red  colour,  and  10  or  15  feet  thick. 

AH  the  strata  in  the  clifis  hereabouts,  from  2000  onwards,  rise  towards  the  south-east. 

They  are  visible  also  very  distinctly  on  the  shore  beneath  high-water  mark.     Compare  these 

with  the  strata  on  the  west  of  Hastings  (80.)  to  (84.).] 
2073.  A  strong  band  of  tand-roekf  4  feet  thick ;  thin  shale  2  feet  below. 
2090.  A  bed  of  iron  ore,  about  six  inches  thick,  with  Paludinae. 
2100.  Sand-rock  6  feet  thick ;  false  stratification  remarkable. 
2140.  Stony  bands,  in  shale,  with  Paludma  ekmgata. 
2178 — 2185.  A  strong  band  of  firm  sand-rock,  about  4  feet  thick  rises  ;  nodules  of  grit  at  the 

lower  part,  immediatdy  above  the  dark  red  clay. 
2190.  Dark  reddish  clay,  apparently  continued  to  2400. 


*  The  weather  was  so  bad  during  my  examination  of  this  part  of  the  coast,  that  it  was  out  of 
my  power  to  ascertain  the  cause  of  tibis  recurrence  of  the  Weald-Clay,  after  the  appearance  of  the 
san^  and  variegated  marl.  It  may  be  no  more  than  the  effect  of  subsidence ;  and  the  second  mass 
of  clay,  die  he&  of  which  are  contorted,  may  have  fallen  firom  the  heights  above ;  the  remoter 
undisturbed  cliffs  consisting  apparently  of  sand  at  the  bottom,  and  at  the  top  of  blue  clay  and  shale. 
But,  on  the  other  hand,  the  existence  of  one  or  more  faults  might  be  expected  in  this  part  dr 
the  island;  for  it  is  not  probable  that  the  great  mass  of  strata,  which  are  nearly  vertical  m 
the  central  range,  should  return  so  soon  to  the  slight  indmation  in  an  opposite  direction,  which 
they  exhibit  on  the  south,  without  the  formation  of  cracks.  The  question  is  locally  interesting, 
but  does  not  affect  the  general  order  and  proportion  of  the  formations. 

t  This  remote  cliff  was  not  examined,  for  the  reason  given  in  the  last  note. 
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8S70.  BMl€C€mUf$  Ckme\  diffonthe  east  of  it,  aboot  25  feet 

f 400 — ^2410.  A  ftroog  saad-bed  rites  to  die  middle  of  CompUm-Grm^  Ckm^t  on  the  nortb-west 
side* 

2410 — ^2552.  All  reddish  and  vari^ated  day ;  diluvium  still  at  Cqp. 

2468  Middle  of  ^yjonv^am-Ormig^  Ckme.'' 

[On  the  shore»  at  the  mouth  of  tUa  Chine,  are  large  masses  of  angular,  grey  and  ydlowish, 
flint  fragments,  cemented  by  ferruginous  matter.  The  coast  from  hence  to  Brook  Point  runs 
out  uniformly  in  the  same  direction.] 

2552.  A  strong  band  of  reddish  sand-rock ;  goes  out  at  2615. 

2582 — 2658.  Reddish  and  greenish  day  and  sand. 

2658.  A  bed  of  sand-rodL  rises ;  under  it  is  reddish  matter,  but  concealed  on  the  shore.     « 

2694—2700.  A  bed  of  acMMlHnoci  rises,  about  4  feet  thick,  with  reddish  stains  and  spots,  like  tl^ 
of  the  new  red  sand-stime. 

2700 — 2822.  Dark  red  and  variegated  marly  day  seems  to  occiipy  sU  this  space. 

2848 — 2855.  A  bed  of  fine-(puned  sand*rock,  which  forms  a  ledge  in  the  sea,  (die  first  from 
Compton-Oi^uige  Chine)  rises  about  2848,  and  goes  out  under  the  dfluvium  at  the  top  of  die 
difl^  about  8000,  very  near  to  Brook  Pohi.  It  may  possibly  be  the  same  widi  that  whidi  re- 
appears on  the  odier  side  of  the  point,  and  crosses  the  upper  part  of  Brook  Chine. 

2855 — ^2952.  Variegated,  wine-red  and  greoiish,  cohesive  sand,  not  efervescent,  occupies  this 

space  on  the  shore,  and  fernis  the  upper  part  of  the  Point  and  nearly  the  wfade  of  the  dUT  beknr 
the  diluvium  thmce  to  near  Brook  Chine. 

2952 — 8080.  A  groupi  consisting  of  sand  and  sand-rock,  widi  concretions  of  subcaksnouB  gift 
Thb  forms  die  base  of  the  Point;  and  the  upper  beds  of  the  group  seem  to  go  down,  benssdi'die 
variegated  sand  of  the  last-mentioned  stratum,  between  the  Point  and  Brook  Chine.  The  hsnt- 
men  informed  me  that  some  of  the  ledges  of  sand  and  sand-rock  run  out  severd  miles  into  the 
sea  from  diis  part  of  the  coast.  The  lower  part  of  this  group  includes,  in  great  numbers,  kige 
trunks  of  petrified  coniferous  wood*,  frequendy  of  a  dark  brown  colour,  penetrated  by  car- 
bonate of  lime  and  efiervesdng  abundandy  with  adds ;  the  cracks  by  which  they  are  traversed 
being  filled  with  the  same  substance.  At  very  low  tides,  compact  variegated  sand,  like  that 
which  abounds  oh  other  parts  of  this  cosst,  appears  below  the  sand-rock  of  die  P<nnt,  and 
seems  to  be  the  lowest  visible  stratum  of  the  island. 

The  extremity  of  Brook  Pomi  is  about  8060  paces  firom  the  rise  of  the  Gault  under  Afton 
Down,  measuring  dong  the  shore ;  dience  to  the  Chine  the  shore  turns  inwards  a  little  towards 
die  east,  and  die  distance  is  about  880  paces ;  of  which  about  250  are  occupied  hf  the  sand- 
rock  of  the  Point,  beneath  the  vsriegated  day.  About  820  paces  from  the  Chine  a  bed  of  firm 
sand-rock  rises,  and  crossing  the  upper  part  of  it,  forms  a  slight  curve :  it  is,  in  fiict,  a  con- 
tinuation of  that  already  mentioned,  which  rises  about  800  paces  on  the  south-west  of  the  Chine. 

3890.  The  middle  of  Brook  Chine  is  about  8890  paces,  reckoning  round  the  Point,  from  the  top 
of  the  Gault  under  AftonDown. 

(103.)  Fossils  of  the  Beds  below  the  Chalk  in  the  Isle  of  Wight. 

Ammonites  cinctus.    East  End.    In  grey  marly  chalk,  with  few  green  particles. 

A' Mantellii.     Western  Lines.     Some  of  the  specimens  compressed  into 

ovals. 

*  See  Webster's  Isle  of  Wight,  p.  158 — *. 
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Ammonites  ManteUii }    A  variety  without  tubercles.    Western  Lines.   Sandrock  near 

Niton. 

A Seliguinus.    East  End. 

A  varians.    East  End.   Bonchurch.    Grey  chalk  marl.    3i^e8tern  Lines. 

Belemnites.    Western  Lines. 
Cardium.    Western  Lines. 
Cuculksa  glabra.    Western  Lines. 

C decussata  ?    Western  Lines. 

Exogt/ra  undata.    Western  Lines. 
Grt/phcta  canaliculata.    Western  Lines  ? 

G vesiculosa.    East  End  and  Western  Lines. 

Nautilus  compressus.    Western  Lines  ? 

Pecten  orbicularis.    East  End  :  some  specimens  very  large. 

P         quadricostatus.    East  End.    Western  Lines. 

Plagiostoma  Hoperii    Western  Lines. 

Plicatula  infiata.    Western  Lines. 

Siphonia  Websterii.    Parkinson,  Int.  Org.  Rem.    Western  Lines.    Figured  by  Mr. 

Webster,  Geological  Transactions,  1st  Series,  vol.ii.  pi.  27— -30. 
Solarium  conoideum.    PI.  XI.  f.  14.    Western  Lines. 

S omatum.    PI.  XI.  f.  13.    Western  Lines. 

Spatangus.    Near  the  Sandrock  Spring. 
Terebratula  depressa  ?     Western  Lines. 

T pisum.    Western  Lines. 

T  (new).    Western  Lines. 

Trochus.     V  estern  Lines.    St.  Boniface.    Upper  Green-sand,  or  Chalk  Marl. 

Turrilites  tuberculatus.    Near  Bonchurch. 

Venus  ?    Western  Lines. 

Vermetus  umbomdus.    (Fermicularia  umbonata^  Min.  Con.)    Western  Lines.    Large 

specimens  ? 
V  polj/gonatus.    Bonchurch  and  Ventnor  Cove. 

IGauU.] 

Ammonites  Seliguinus  (syn.  A.  Beudantii.)    East  End. 

Gfyphasa.    East  End. 

Mya  mandibula.    East  End. 

Pecten  orbicularis.    Compton  Bay :  In  harsh  gritty  Gault. 

P quinquecostatus.     Compton  Bay. 


Fishes.    Obscure  impressions  of.    East  End. 


Plants.  Fucoides  Targiomi.  (Ad.  Brongniart,  ^<  V£g6taux  Fossiles,"  PL  IV.  fig. 6.; 
and  Mantell,  <<  S.  E.  of  England,"  p.  166.)    East  End. 
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[Lower  Green'SandJ] 

Ammonites  furcatus.    PL  XIV.  fig.  17.    Atherfield. 

Astacus.    East  of  Shanklin. 

Astrea.    East  of  Shanklin  Chine,  and  Atherfield  Point :  in  fuller's  earth. 

Corbula  striatula.  West  of  Shanklin  Chine,  in  ferruginous  nodules,  with  many  other 
fossils.    Near  Atherfield. 

Exogyra  conica  ?    Atherfield  Point. 

Gastrochasna.    In  Coral,  near  Atherfield  Point. 

GerviUia  aviculoides.    West  of  Shanklin  Chine.    Atherfield  Point  ^ 

G solenoides.    Same  place:  in  ferruginous  nodules.' 

Gryphcea  vesiculosa  ?  Sandown  Bay  :  in  a  mass  of  yellowish  sand,  with  polished 
fragments  of  brown  iron  ore. 

G sinuata.    East  of  Shanklin  Chine :  in  ferruginous  sand,  with  dark  particles 

and  fragments  of  iron  ore.  Frequent  on  the  east  of  Atherfield  Point.  Near 
Niton :  very  large. 

Inoceramus  concentricus.  Near  Atherfield :  in  fuller's  earth :  in  sandy  stone,  with 
vegetable  impressions  (Fucoides  Targionii  ?). 

Lifigula.    Barnes's  Chine.    Isle  of  Wight  ? 

Modiola  depressa  ?    Near  Atherfield :  in  fuller's  earth. 

My  a  plicata.    (See  Panopasa. ) 

Natica.    In  ferruginous  nodules.  West  of  Shanklin  Chine. 

Nautilus  radiatus  ?.  Near  Atherfield.  This  and  other  specimens  from  Kent  very  much 
resemble  N. radiatus^  from  Malton,  Yorkshire.  It  is  very  distinct  from  N.  elegans, 

Ostrea  carinata.  East  of  Shanklin.  Atherfield  Point :  in  green  sand  and  in  the 
fuller's  earth. 

O macroptera.    Near  Atherfield. 

Panopasa  plicata.    Atherfield  Point.    East  of  Shanklin  :  with  Serpula. 

P  (new).    Atherfield. 

Pecten  obliquus,     Atherfield  Point,  with  Terebratula  Sella. 

Pema  quadrata  ?     Fallen  masses  on  the  shore  east  of  Shanklin  Chine. 

Pinna  tetragona  ?     Atherfield  Point  :  in  fuller's  earth. 

P (new  species  ?).  Near  Atherfield :  in  green  sand,  like  the  middle  bed  of  Sand- 
gate,  Kent. 

P^agiostoma  elongatum.    Atherfield  Point :  in  fuller's  earth. 

Rostellaria  calcarata.  Shanklin,  top  of  the  clifi^,  west  of  Chine :  in  ferruginous  no- 
dules, with  many  other  fossils. 

Rostellaria  Parkinsonii.    Shanklin  :  in  ferruginous  nodules.     Same  situation. 

Serpula  antiquaia  ?     Atherfield  Point :  fuller's  earth. 

S .     Another  species,  with  Ostrea.    Atherfield.     Cowleaze  Chine. 

Spatangus.    East  of  Shanklin.     Atherfield.     Cowleaze  Chine  ?  fuller's  earth. 

Sphcera  corrugata.    Shanklin,  (large  specimens.)     Sandown  Bay. 

Siphonia.     Near  Atherfield  Point :  in  green  sand. 
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Terebratula  biplictUa.    Cbale  Bay. 

T CUbbriana.    Atherfield  Point. 

T— — —  laiissima.    Near  Atherfield. 

T — nuc\form%s.    East  of  Shanklin. 

T  Sella.    Sandown  Bay.    Atherfield  Point:  in  greens  and,  and  in  fuller's 

earth.    With  Pecten  obliquus ;  Chale  Bay. 

parvirostris.    PI.  XIV.  f.  13.    Debris  on  the  shore  east  of  Shanklin. 


Theiis  major.     Atherfield  Hill.    Blocks  loose  on  the  shore. 

T minor.    In  ferruginous  nodules,  west  of  Shanklin  Chine. 

Trigonia  alajbrmis.    East  of  Shanklin ;  of  unusually  large  size  :  and  in  ferruginous 

nodules,  west  of  the  Chine.    Atherfield  Point ;  large,  in  sand  very  like  the 

middle  Sandgate  bed. 
Turbo  amicus.    West  of  Shanklin  Chine :  in  ferruginous  nodules. 

T rtriundatus  ?    Shanklin. 

TurrilUes  i    Near  Atherfield. 

Vermetus  conctrous.    With  Terebratula  Sella  :  Atherfield  ;  and  east  of  Shanklin. 

[^WeaUen.'] 

Ammonites.  A  fragment  imbedded  in  a  portion  of  Sussex  marble,  with  Cyclas,  Ostrea, 
and  Paludina  elongaia.  This  Ammonite  probably  formed  part  of  a  foreign  mass 
accidentally  brought  into  the  Weald  clay,  during  the  progress  of  its  deposition. 

Ctfclas  major.  Atherfield  Rock,  in  Sussex  marble  and  Weald  clay :  also  forming 
singular  prominences  on  thin  layers  of  stone;  see  p.  197  line  24,  and  p.  198. 
Cowleaze  Chine.  In  ironstone,  west  of  Shepherd's  Chine.  Barnes's  Chine,  very 
large.    Compton  Bay. 

C media.    Sandown  Bay.    Atherfield  Rock,  about  2  inches  thicks  in  a  bed  al- 

most  composed  of  these  shells,  incrusted  with  fibrous  carbonate  of  lime.  West 
of  Shepherd's  Chine :  in  coarse  ferruginous  sandrock,  probably  one  of  the  sub- 
ordinate beds  of  the  Weald  clay :  in  pyrites.   Cowleaze  Chine.    Barnes's  Chine. 

C  membranacea.  Sandown  Bay  :  large,  preserving  its  iridescence.  Near  Ather- 
field.   Shepherd's  Chine.     Barnes's  Chine. 

C— — .     (A  thick  and  gibbose  species.)    Sandown  Bay  in  ironstone. 

Cypris  Valdensis.  PI.  XXI.  fig.  I.  Occurs  throughout  the  Wealden.  At  Sandown 
Bay ;  Atherfield ;  Shepherd's  Chine ;  Cowleaze  Chine ;  Barnes's  Chine ;  Under 
Barnes's  High ;  Brook  Point ;  Compton  Bay. 

Cypris  tuberculata.    PI.  XXI.  fig.  3.    Near  Atherfield  and  Cowleaze  Chine. 

Modiola  (new).    Sandown  Bay. 

Osireq.  A  bed  of  limestone  nearly  composed  of  oyster  shells  occurs  in  the  Weald- 
clay  at  Sandown  Bay ;  near  Barnes's  Chine ;  and  on  the  west  of  Compton- 
Grange  Chine. 

Paludina  acuminata.    Near  Atherfield.    Near  Barnes's  Chine  (young). 

P ehngata.    Occurs  throughout  the  Wealden.    Sandown  Bay :  in  ironstone. 

Atherfield  Rock :  in  clay.   Tiepit^  near  Atherfield.    Cowleaze  Chine :  in  no- 
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dular  masses  of  ironstone.  West  of  Shepherd's  Chine.  Near  Barne's  Chine: 
in  stem-like  masses  of  pyrites.    Under  Barnes's  High.   West  of  Compton  Chine. 

Paludinajluroiorum.  Sandown  Bay^  with  Ostrea,  Cyclas,  and  Paludina  elongata  :  in 
a  course  of  stone,  about  2  inches  thick :  also  with  Cypris  Faba^  in  similar  stone. 

Potamides  ?     In  clay,  Sandown  Bay. 


Remains  of  Fishes.  Scales  of  one  or  more  species  of  Lepisosteus,  (Lepidotus  of 
Agassiz,)  apparently  the  same  with  those  which  are  frequent  in  the  Wealden  of 
Kent  and  Sussex,  are  found  in  the  Weald-clay  at  Sandown  Bay :  as  are  also  the 
teeth,  vertebrae,  and  other  bones  of  some  small  species  of  fishes,  at  Sandown 
Bay  ;  near  Atherfield  Point ;  and  at  Cowleaze  Chine. 

Large  concretional  masses  with  small  tubular  erosions  on  the  surface,  much 
resembling  those  of  Sandgate  in  Kent  (13.),  containing  a  large  proportion  of 
phosphate  of  lime,  and  afibrding  during  solution  the  smell  of  Coprolite^  have 
been  found  at  Atherfield. 

Reptiles.  The  toe-bone  of  a  very  large  Iguanodon,  found  under  the  cliffs  of  the 
Wealden  strata  on  the  shore  of  Sandown  Bay, — and  fragments  of  other  bones, 
probably  of  the  same  animal,  found  near  Brook  Point?,  have  been  described 
by  Dr.  Buckland,  Geol.  Trans.  2nd  Series,  vol.iii.  p.  421. 

Portions  of  the  teeth  of  another  Saurian,  probably  a  Crocodile,  have  also  been 
found  at  Sandown  Bay. 

Plants.  Impressions  of  the  leaves  of  a  species  of  Fern  :  in  the  Wealden  sand-rock: 
at  Sandown  Bay,  and  on  the  east  of  Barnes's  Chine. 

DoRSETSiriRE. 

(103.)  Isle  ofPurbeck. — The  principal  additions  which  I  have  to  make,  to 
what  Mr.  Webster  has  published  on  the  Isle  of  Purbeck*,  are  the  distinction 
of  the  ferruginous  sands  below  the  chalk,  which  contain  marine  fossils,  from 
the  representative  of  the  Hastings  sands ;  and  the  indication  of  a  stratum 
between  the  Portland  stone  and  the  Kimmeridge  clay,  which  I  propose  to 
distinguish  by  the  name  of  the  Portland  sand. 

The  section,  PI.  X.  a.  No.  8.  represents  the  coast  on  the  east  of  the  Isle  of 
Purbeck,  from  the  chalk  at  Ballard  Down  to  Durlstone  Head  ;  and  No.  9.  a 
section  near  the  middle  of  the  peninsula,  from  the  Chalk  to  the  shore  of  Kim- 
meridge-bay,  of  part  of  which  Plate  X.  b.  fig.  6.  is  an  enlarged  illustration. 
In  the  coast  section  on  the  east  of  Purbeck  the  whole  series  from  the  chalk 
down  to  the  Portland  stone  is  disclosed f :   the  Upper  green-sand,  Gault, 

*  Letters  to  Sir  H.  Englefield  ;  and  Geol.  Trans.  2nd  Series,  vol.  ii.  p.  37—41. 
t  A  beautiful  view  of  this  section  of  the  Isle  of  Purbeck  is  visible  with  a  telescope,  from 
the  heights  on  the  west  of  the  Isle  of  Wight ;  and  reciprocally,  the  transverse  section  of  the  latter 
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Lower  green-sand^  and  Weald  clay^  in  strata  highly  inclined^  occurring  in  a 
nook  or  recess  called  Punfield^  at  the  southern  foot  of  Ballard  Hill;  and  the 
Hastings  sands^  occupying  the  whole  of  the  long  range  of  clifis  thence 
to  the  town  of  Swanage ;  the  section  of  which  is  so  distinct^  that  with 
sufficient  labour  all  the  details  can  be  made  out.  The  strata  correspond^ 
however^  precisely  with  what  I  have  mentioned  in  the  preceding  accounts 
of  the  Isle  of  Wight  and  of  the  coast  near  Hastings  ^^  and^  as  at  those  places^ 
consist  of  sand  and  sand-rock^  including  concretions  of  calcareous  grit^  and 
alternating  with  a  very  large  proportion  of  reddish  and  greenish  cohesive 
sandy  clay.  Detached  portions  of  lignite  are  frequent  also  throughout  the 
series  here.  Fragments  of  the  trunks  of  silicified  coniferous  trees  have 
been  found  in  dark  brown  masses ;  and  detached  bones  of  the  Iguanodon 
sometimes  occur   loose  on  the  shore  beneath  the  clitfs  near  the  town  of 

Swanagef- 

The  Hastings  sands  can  be  traced  entirely  across  the  peninsula  to  Wor- 
barrow  Bay,  in  a  range  of  heights  passing  through  Godlingston^  south  of 
Westwood,  Steeple,  North  Egleston,  and  Tineham :  but  the  subdivisions 
between  the  sands  and  the  chalk  become  indistinct  on  the  west  of  Punfield  ; 
a  slight  difference  only  in  the  hue  of  the  vegetation  on  the  surface  indicating 
in  some  places  the  presence  of  the  Weald  clay.  The  junction  of  the  sands 
with  the  Purbeck  strata  is  concealed,  at  Swanage,  under  the  level  tract  which 
separates  the  sand  cliffs  from  the  hill  above  the  town  :  and  the  only  place 
among  the  numerous  sections  westward,  in  which  the  connexion  between  the 
Hastings  and  the  Purbeck  strata  is  visible,  is  on  the  south  side  of  Worbarrow 
Bay.  At  the  time  of  my  examination,  the  appearances  there  were  not  distinctj^ 
but  I  shall  here  insert  what  I  observed,  as  these  beds  are  supposed  to  represent 
the  strata  on  the  north-west  of  Battle,  which  have  been  considered  as  the 
lowest  in  Sussex. 

• 

island  forms  a  very  striking  object  from  the  hill  above  the  town  of  Swanage.  Views  thus  seen 
from  a  sufficient  distance  have  all  the  abstract  clearness  of  a  geological  outline ;  while  the  mi- 
nutest features  are  preserved  without  any  departure  from  the  true  proportion  of  height  to  hori- 
zontal distance. 

*  For  this  reason  I  have  thought  it  unnecessary  to  insert  here  the  list  of  these  strata  to  which 
I  -have  referred  above,  (79.).  The  spaces  which  the  several  formations  occupy,  measured  along 
the  foot  of  the  clilf,  are  thus  :  Upper  green-sand,  about  250  paces  ;  Gault,  200 ;  Lower  green- 
sand,  240  ?  ;  Weald-clay,  46  ?  ;  Hastings  sands,  8,500  ; — Total  distance  from  the  chalk  to  the 
bottom  of  the  sands,  about  4,250  paces.  A  flat  of  about  200  paces  intervenes  between  the  sand 
cUlfs  and  the  rise  of  the  Purbeck  strata.  Compare  these  spaces  with  those  at  Man-of-war  Cove» 
hereafter  (110.). 

t  See  Dr.  Buckland's  paper,  Geol.  Trans.  2nd  Series,  vol.  iii.  p.  421. 

TOL.  IT. SECOND  SERIES.  S  E 
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Beds  on  the  confines  of  the  Hastings  sand  and  the  Purbeck  strata^  at  Worbarrow  Bay  *. 

Pacet,  Paeu» 


Grey  sand,  occupying  on  the  shore    ....     8 

Yellowish  sand 5 

A  space  concealed  at  top ;  where  visible 
the  beds  consist  of  grey  clay,  bitumi- 
nous or  carboniferous,  which  includes  at 
the  bottom  concretions   of  quartzose 

grit,  and  contains  Cyclades 9 

A  group  including  beds  of  stone  com- 
posed of  small  Paludinae,  in  a  cement 
containing  much  green  matter: — the 
"marble"  and  "marble-rag"  of  the 

Swanage  quarry-men 16 

Brown  and  grey  clay, alternating  with  bluish 
grit,  and  thin  beds  of  stone   ....  About  25 


Clay  and  limestone,  including  the  "  Lean- 
ing vein  "  of  the  quarries  on  the  east  of 
Purbeck.  [Quce.  the  " Lane-end  Vein" 
of  Mr.  Webster?]    ? 

Here  the  ground  rises  into  the  promi- 
nence called  Worbarrow  Knob ;  and  the 
back  on  top  of  a  very  extensive  mass  of 
stone  is  waved,  like  the  ripple -mark  on 
the  sea-shore.  In  the  little  cove  between 
the  "knob"  and  Gad  Cliff,  a  thickness 
of  about  50  feet  consists  of  clay,  alter- 
nating with  beds  of  limestone  very  much 
contorted. 


(104.)  Purbeck  strata. — The  ridge  of  the  Purbeck  and  Portland  strata 
runs  nearly  from  east  to  west^  entirely  across  the  peninsula;  but  the  dip  is 
not  uniform^  and  the  strata  form  a  curve^  or  a  portion  of  a  dome-like  promi- 
nence, of  which  the  highest  part  is  between  Acton,  St.  Alban's  Head,  and  the 
heights  above  Kimmeridge,  and  thence  to  Tineham  Hat;  the  culminating 
point  being  about  Swyre  Head,  which  seems  to  be  about  700  feet  above  the 
sea, — nearly  on  a  level  with  the  chalk  down  at  the  western  extremity  of  Pur- 
beck Hill,  and  perhaps  100  feet  higher  than  the  summit  of  Ballard  Downf. 

The  whole  of  the  Purbeck  series  is  exposed  in  the  ruinous  cliffs  of  Durl- 
stone  Bay,  where  the  strata  have  been  enumerated  in  detail  by  M r.  Webster;);. 
At  the  upper  part  they  consist  of  compact  limestone,  alternating  with  clay, 
and  abounding  in  freshwater  shells,  especially  of  the  genus  Cyclas  :  but  in- 
cluding also  a  thick  bed  called  "  cinder  "  by  the  quarry-men,  which  is  almost 
entirely  composed  of  oyster-shells.  At  the  lower  part,  the  formation  consists 
principally  of  fissile  limestone,  the  junction  of  which  with  the  Portland  strata 
exhibits  some  very  remarkable  appearances. 

All  the  stone  which  is  quarried  at  present,  occurs  in  the  upper  part  of  the 
series ;  and  from  Mr.  Webster's  list  it  appears  that  in  a  thickness  of  about 
125  feet,  55  consist  of  beds  of  useful  stone ;  12  feet  of  the  '^cinder'*  composed 
of  oyster-shells ;  and  the  remaining  58  of  slaty  clay,  and  thin  beds  of  unpro- 
fitable stone.     I  was  informed  that  about  1 50  feet  more,  of  what  the  work- 

*  This  is  the  spelling  of  the  Ordnance  Map,  and  the  word  is  so  pronounced  in  the  country.  It 
is  sometimes  printed  fTar-horrow,  and  by  Mr.  Webster,  fTorM-barrow. 

f  The  top  of  the  Down  between  Acton  and  Bottom,  (about  the  place  of  the  final  s  in  "  Domu'^ 
shay's  Farm*\  in  the  Ordnance  Map),  is  much  higher  than  St.  Alban*s  Head,  and  not  much  below 
Swyre  Head.  It  seems  to  be  nearly  level  with  Encombe  Head  (Hound's-Tout),  and  the  east 
end  of  Ballard  Down. 

X  Geol.  Trans.  2nd  Series,  vol.  ii.  pp.  88,  39. 
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men  call '' rubbish  *'  and  ''slate  *\  intervene  between  the  lowest  of  the  courses 
(or  *'  veins  ")  of  good  stone^  and  the  top  of  the  Portland  formation  ;  so  that 
the  total  thickness  of  the  Purbeck  formation  here  is  about  S75  feet. 


Ft,    In.  Ft.    In. 

Workable  stone,  and  '*  rubbish" 99     On 

"Cinder" U     0  I         124     8 

Workable  stone,  and  "  rubbish  " 13     8  J 

"Rubbish"  and  "  slate" 150     0 


Total 274     8 

The  high  ground  between  Peverell  Point  and  Durlstone  Head  is  divided  by  a  depression  or 
rayine,  on  the  north  of  which,  in  addition  to  the  flexures  and  contortions  seen  in  all  the  sections, 
and  well  represented  in  Mr.  Webster's  plates,  the  strata  are  traversed  by  fissures,  produced  by 
upheaving,  or  subsidence,  or  both.  The  effect  of  these  disturbances  can  be  traced  by  means  of 
the  "  cinder  "  bed ;  disjointed  portions  of  which  are  still  visible,  inclined  at  different  angles,  in 
three  or  four  successive  falls,  the  first  throwing  down  that  bed  more  than  100  feet,  and  others  40, 
15,  and  3  feet.  The  fissures  which  separate  the  disjointed  masses  are  widest  at  the  top,  and  are 
filled  with  fragments  of  the  dislocated  strata.  The  place  where  these  derangements  occur  is 
called  "  the  Gulley  ":  on  the  south  of  it  the  strata  are  much  less  disturbed,  and  the  "  cinder  "  can 
be  traced  almost  continuously  in  its  proper  situation,  till  it  disappears  near  the  face  of  the  hill, 
not  far  from  Durlstone  Head. 

The  groups  at  the  top  of  the  formation  called  the  "  Marble  "  and  the  "  Marble  rag  ",  consist  for 
the  greater  part  of  small  Paludinae,  cemented  by  carbonate  of  lime  with  a  very  large  proportion 
of  green  matter.  These  beds  are  exposed  on  the  shore  at  Peverell  Point*,  and  were  quarried 
many  years  ago  at  Langton,  from  which  place  it  is  said  the  pillars  in  the  interior  of  Salisbury 
Cathedral  were  obtained.  Another  stratum,  also  containing  a  large  quantity  of  green  matter,  but 
of  a  conglomerated  or  coarse  sandy  texture,  is  found  at  the  top  of  the  formation  in  some  of  the 
sections  westward, — as  near  Worbarrow  Knob,  and  on  the  east  of  Lulworth  Cove.  It  includes  a 
large  and  thick  species  of  Unio ;  the  shell,  as  Mr.  Webster  has  remarked,  being  so  abundant  as  to 
constitute  a  very  large  proportion  of  the  whole  mass. 

A  characteristic  of  the  upper  part  of  the  Purbeck  series,  both  on  the  coast  and  in  the  interior, 
is  the  occurrence  of  seams  of  fibrous  carbonate  of  lime,  frequently  more  than  two  inches  thick, 
and  either  detached  within  the  beds  of  clay,  or  adhering  to  the  limestone  beds,  like  the  thinner 
crusts  attached  to  the  limestone  of  the  Weald  clay. 

The  bivalves,  principally  Cyclades,  of  which  a  great  part  of  the  Purbeck  stone  is  composed,  are 
not  less  numerous,  and  commonly  much  more  distinct,  in  the  slaty  clay  of  the  "  rubbish"  between 
them ;  which  cannot  be  distinguished  from  the  clay  with  Cyclades  (*'  Shah  ")  of  the  limestone  pits 
on  the  north-west  of  Battle  in  Sussex.     The  "  Slate ",  a  coarsely  fissile  limestone  at  the  lowest 

*  A  very  remarkable  appearance,  which  I  am  at  a  loss  to  explain,  was  observed  by  Mr.  Bab- 
bage  and  myself  in  1824,  on  the  back,  or  top  of  the  Purbeck  strata,  at  that  time  exposed  on  the 
shore  between  the  town  of  Swanage  and  Peverell  Point.  The  surface  there,  which  dipped  at  an 
angle  of  7°  or  8^  towards  the  north,  was  depressed  in  some  places  into  nearly  circular  pits  or 
cavities,  from  4  to  7  feet  in  diameter,  and  about  a  foot  deep  in  the  middle, — as  if  the  beds  had 
been  forced  in  by  a  violent  blow ;  the  depressed  surface  being  divided  by  irregular  but  nearly 
concentric  cracks,  which  were  filled  with  white  sparry  carbonate  of  lime.  Three  of  these 
depressions  were  visible ;  two  of  them  about  6  feet  apart,  one  of  which  was  7^  feet,  the  other 
about  4|  in  diameter  at  the  outer  edge.  A  third,  about  10  paces  to  the  west  of  these,  was  of 
smaller  dimensions. 

2e2 
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part  of  the  Purbeck  series,  was  formerly  much  quarried  for  roofing,  in  the  hill  above  Tillywhim, 
aui3  near  the  south  coast  of  the  peninsula :  and  there,  as  well  as  in  the  corresponding  beds  of 
Portland  and  the  north  of  Weymouth,  I  have  found  in  it  casts  in  calcareous  spar  of  one  or  more 
species  of  Cypris. 

(105.)  Portland  Stone. — This  formation  first  appears  upon  the  coast  be- 
neath the  Purbeck  strata  at  Durlstone  Head^  and  rises  slowly  in  the  rocky 
cliffs  on  the  west  of  Tillywhim  to  a  point  about  midway  between  Winspit 
and  St.  Alban's  Head^  where  it  is  succeeded  by  the  Portland  sand.  The  stony 
strata  there  retire  as  they  rise  from  the  shore^  and  occupy  the  margin  of  an 
irregular  space  thence  to  Grad  Cliffy  where  they  return  to  the  coast  and  sink 
under  the  sea :  so  that  between  the  extreme  points  of  Durlstone  Head  and 
Gad  Cliff  (or  rather  Worbarrow  Knob^  a  rocky  hummock  on  the  west  of  that 
placed  a  real  curvature  combined  with  the  general  inclination  of  the  strata 
towards  the  norths  which  is  in  some  places  very  rapid^  has  caused  an  extensive 
disclosure  of  the  lower  beds^  excellent  sections  of  which  are  visible  on  the 
west  of  St.  Alban's  Head.  The  component  strata  of  the  Portland  stone  in 
Purb  eck^  agree  with  those  of  the  Isle  of  Portland^  which  have  been  described 
by  Mr.  Webster. 

(106.)  Portland  Sand. — I  propose  to  give  this  name  to  a  group  of  strata 
which  holds  the  place  of  that  mentioned  by  Mr.  Conybeare  as  occurring 
beneath  the  equivalent  of  the  Portland  stone  at  Shotover  Hill  in  Oxfordshire^ 
and  in  Bucks;  and  which  in  the  interior  contains  a  large  proportion  of 
sand^  including  green  particles^  ascertained  by  Dr.  Turner  to  be  of  the  same 
composition  with  those  of  the  green  sands  beneath  the  chalk^.  I  have  found 
a  similar  group  abounding  in  green  matter^  and  containing^  as  at  Shotover^ 
very  large  concretions  of  grit^  in  a  corresponding  place  in  the  lower  Bou- 
lonnoisf^  where  a  great  part  of  the  formation  consists  of  sand.  But  on 
the  Dorsetshire  coasts  and  I  believe^  in  the  Vale  of  Wardour  also,  the  beds 
are  generally  of  a  dark  grey  colour,  more  coherent,  less  sandy,  and  the 
calcareous  matter  which  they  contain,  is  more  uniformly  diffused |.  The 
group  is  certainly  of  sufficient  importance  to  require  a  separate  name,  and 
that  of  Portland  sand,  while  it  expresses  the  more  usual  character,  indi- 
cates also  its  intimate  connexion  with  the  Portland  stone.  On  the  other  hand, 
it  graduates  into  the  Kimmeridge  clay  beneath ;  and  its  position  seems  to  be 

*  See  above,  (10.)  note  §.  t  Geol.  Soc.  Proceedings,  vol.  i.  pp.  9  and  27. 

X  On  the  west  of  Upway,  however,  near  the  coast  of  Dorsetshire,  nearly  half  the  substance  of 
Ais  stratum  is  made  up  of  grains  of  green  earth ;  and  along  the  whole  line  of  the  formation  in 
that  quarter,  the  prevailing  character  is  that  of  siliceous  sand  and  green  earth. — See  Dr.Buckland's 
and  Mr,  De  la  Beche's  Memoir,  in  the  preceding  part  of  this  volume :  p.  20,  and  note. 
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analogous  to  that  of  the  sand  and  subcalcareous  grit  which  occur  between 
the  Oxford  oolite  and  Oxford  clay, — the  inferior  oolite  and  the  lias  clay :  ?  ? 
The  whole  mass  of  strata  deposited  in  the  first  instance,  having  been  in  all 
these  cases,  sand  and  mud;  the  upper  partof  which  abounding  more  in  calca- 
reous matter,  was  subsequently  converted  into  stone,  and  the  lower  more  or 
less  concreted  into  nodular  masses  of  calciferous  grit,  in  proportion  to  the 
quantity  of  carbonate  of  lime  diffused  through  it. 

In  the  Isle  of  Purbeck,  the  Portland  sand  first  rises  above  the  sea  about  midway  between 
Winspit  and  the  point  of  St.  Alban's  Head,  and  is  disclosed  by  denudation  on  the  north  of  that 
remarkable  promontory,  in  a  ravine  called  Pier  Bottom,  near  which  place  the  Kimmeridge  clay 
spears  to  rise  on  the  shore.  A  good  section  of  the  sand  is  visible  at  Emmet's  Hill,  a  ridge 
capped  with  Pordand  stone,  between  Pier  Bottom  and  Chapman's  Pool ;  and  the  group  may  be 
traced  thence,  beneath  a  capping  of  stone,  all  round  the  inflections  of  the  high  ground  from 
Bottom  Farm,  by  the  prominences  called  Encombe  Point  (or  Hound's  Tout),  and  Swyre  Head, 
through  Kimmeridge,  to  Gad  Cliff,  where  it  declines  along  with  the  stone  and  sinks  again  under 
the  sea.  Its  relative  place  and  its  effect  in  modifying  the  surface,  are  well  seen  in  the  amphi- 
theatre of  high  ground  which  nearly  encircles  Kimmeridge  Bay ;  of  part  of  which  PI.  X.  a.  No.  9, 
and  X.  b.  fig.  6,  are  illustrations :  the  summits  all  around  consisting  of  Portland  stone,  and 
the  rapid  grass-covered  slope  beneath  of  this  sand,  resting  upon  a  tract  comparatively  flat  and 
uniform,  which  is  occupied  by  the  clay  of  Kimmeridge.  The  sand  again  makes  its  appear- 
ance on  the  coast  west  of  Purbeck,  in  a  small  portion  distinguishable  by  its  bluish  grey  colour, 
beneath  the  rocky  cliffs  called  Horsewalls,  which  form  the  most  prominent  part  of  the  shore 
between  Lul  worth  and  Durdle  Cove.  In  the  complex  and  disturbed  tract  on  the  north  and  west 
of  Whitenore,  the  Portland  sand  is  found  wherever  the  superior  strata  rise  high  enough  to  dis- 
close it ;  and  in  the  Isle  of  Portland  it  everywhere  accompanies  the  stone,  and  has  the  same 
characters  as  on  the  coast  of  Purbeck. 

The  following  is  a  List  of  the  strata  at  Emmefs  HiU^  immediately  on  the  north  of  St.  Alban's 
Head :— PI.  X.  b.  figs.  5  and  6. 


1.  Portland  stone,  with  layers  of  flint  near  the  bottom,  forming  a  shattered  and  inac-1 
cessible  precipice  at  the  top  of  the  cliff   30  to  40  feet  j 

2.  Portland  sand.  Sofl  stone,  or  marly  coherent  sand,  with  a  rugged  external  surface  ' 
of  a  yellowish  grey  or  brownish  colour ;  but  in  the  recent  firacture,  of  a  dark  bluish 
or  greenish  grey.  It  includes  concretions  of  firmer  consistence.  In  a  bed  of  stone 
of  the  same  description  at  the  cross-roads  above  Kimmeridge  Farm,  which  seems  to 
belong  to  the  same  place  in  the  series,  Trigonia  clavellata,  Ammonites  gigantetts, 
and  other  fossils  are  found    

3.  Bluish  grey,  inclining  to  green,  sandy  clay  and  marl,  including  ranges  of  con*  1 
cretions  approaching  to  stone :  the  whole  effervescing  with  acids.  The  more  stony 
portions  acquire  by  exposure  a  yellowish  brown  tinge,  and  are  in  some  places 
coated  with  a  crust  of  white  pulverulent  carbonate  of  lime.  A  bed  of  this  group 
dug  for  building  near  Bottom  Farm,  consists  of  bluish  grey  sandy  stone,  but 
slightly  effervescent,  and  is  streaked  or  mottled  with  portions  of  a  darker  hue.  In 
some  other  places  the  strata  are  divided  by  fissures  into  nearly  vertical  flakes, 
two  and  three  feet  in  thickness,  and  include  occasionally  nodules  of  much  more 
compact  texture • % J 


Feet. 


25  to  30 


about  60 


Fttt. 


40  to  50 
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4.  A  rugged  platform  at  the  foot  of  the  cliff  above  described,  is  covered  with 
debris,  and  partially  clothed  with  shrubs  and  vegetation.  The  beds  appear  to 
be: — 

a.  Soft,  dark  bluish  grey,  effervescent  sand-rock,  or  indurated  marl,  including  a 
band  of  firmer  consistence,  which  contains  casts  of  Panopaa  deprena  and  other 
bivalves. 

b.  Brownish  marly  sand-rock,  softer  than  a. 

c.  A  firmer  stratum,  including,  about  20  feet  from  the  bottom,  large  subglobular, 
but  nearly  continuous  concretions  of  greater  firmness,  which  also  contain  casts  of 
Panopcea  depressa  and  other  fossils. 

[These  cone  rational  masses,  not  improbably  represent  the  great  nodules  of 
Shotover  Hill  in  Oxfordshire.] 

Total  estimated  thickness  of  the  sand 120  to  140 

Springs  break  out  at  the  bottom  of  this  group,  where  the  Kimmeridge  clay  might  be  ex- 
pected.   The  total  height  from  the  top  of  the  cliff  may  be  between  250  and  280  feet. 

(107.)  Kimmeridge  clay. — The  clay  which  has  obtained  its  name  from  the 
farm  and  bay  of  Kimmeridge^  rises  from  beneath  the  beds  last  mentioned^— -on 
the  east^  near  the  point  or  southern  prominence  of  St.  Alban's  Head^  and 
on  the  west,  immediately  under  the  lofty  precipices  of  Gad  Cliff.  It  occupies, 
apparently,  the  whole  of  the  low  undulating  tract  which  intervenes  between 
these  extreme  points ;  and  is  capped,  about  the  middle,  by  the  projecting  mass 
of  Portland  stone  and  sand  which  forms  the  summit  of  Swyre  Head.  The 
bituminous  strata  which  characterize  this  formation  are  seen  with  greater 
distinctness  on  the  shore  of  Kimmeridge  Bay,  as  the  coarse  sand,  grit,  and 
limestone  found  between  them  and  the  Oxford  oolite  on  the  north-east  of 
Weymouth,  do  not  come  up  to  the  surface  in  the  peninsula  of  Purbeck. 
The  little  promontory  of  Hen  Cliff  may  be  considered  as  the  centre  of  an 
almost  semi-circular  space,  which  is  continued  in  a  narrow  slip  or  platform, 
along  the  shore  to  Pier  Bottom  :  Plate  X.  b.  fig.  6. 

The  strata  on  the  shore  at  Kimmeridge  Bay  form  a  low  dome-shaped  prominence,  the  cul- 
minating point  of  which  is  at  some  distance  from  the  ridge  of  the  Isle  of  Purbeck.  At  Broad- 
bench,  where  they  are  very  well  displayed,  they  rise  with  a  very  slight  inclination  from  the  south; 
and  rise  also  from  beneath  Gad  Cliff  on  the  west ;  but  at  Hen  Cliff  the  dip  is  towards  the  south- 
east, conformably  to  the  general  disposition  of  the  strata  beneath  St.  Alban's,  and  thence  to  Durl- 
stone  Head ;  while  it  is  obvious  that  under  the  main  ridge  of  the  peninsula  they  must  dip  to  the 
north,  along  with  Portland  and  Purbeck  strata.  The  rise  of  the  beds  from  the  sea,  where  the 
shore  is  cut  into  by  the  circular  erosion  at  Kimmeridge,  has  produced  an  apparent  curve  in  the 
cliffs  around  the  bay ;  so  that  the  strata  seem  to  rise  from  the  sea  near  Broadbench,  and  to  de- 
cline again  as  the  line  of  the  coast  returns  toward  the  south  in  approaching  Hen  Cliff.  The 
natural  sections  hereabouts  are  very  distinct ;  and  a  considerable  surface  also  of  some  of  the 
strata  is  exposed  upon  the  shore,  consisting  apparently  of  the  lowest  beds  in  the  Isle  of  Purbeck. 
The  coast  at  Kimmeridge  Bay  is  probably  not  less  than  400  feet  below  the  bottom  of  the  Port- 
land stone;  and  if  100  feet  of  that  interval  be  assigned  to  the  Portland  sand,  it  will  follow  that 
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about  300  feet  of  the  bituminous  Kimmeridge  clay  are  dbclosed  on  the  coast  of  Purbeck; 
which  probably,  is  not  far  from  the  total  thickness  of  the  formation. 

The  beds  here  consist  in  general  of  bituminous  fissile  clay  in  a  large  proportion,  alternating 
with  thin  courses  of  brown  subcalcareous  stone,  or  bituminous  limestone.  The  clay  in  some 
cases  contains  so  much  bituminous  matter,  as  to  be  used  for  fuel  under  the  name  of  "  coal  *  " ;  in 
others  it  contains  a  large  proportion  of  carbonate  of  lime,  alternating  with  the  laminae  of  the  clay. 
To  these  more  calcareous  and  whiter  beds  the  name  of  "  White  Lias  "  is  given  in  the  neigh- 
boarh(x>d.  • 

The  connexion  of  the  Kimmeridge  cldy  with  the  Portland  sand  and  stone  is  visible,  though  the 
section  is  in  some  points  inaccessible,  at  a  place  between  Gad  Cliff  and  the  commencement  of  the 
lower  difi  of  the  bay,  where  the  following  was  the  order : — 

1.  Dark  sandy  marl  (Portland  sand)  about  100  feet.  A  specimen  taken  here  about  100  feet 
below  the  Portland  stone,  consists  of  light  grey,  sofl,  calcareous  matter,  including  minute  green 
particles  in  very  large  proportion;  the  whole  very  much  resembling  some  portions  of  the 
Upper,  and  of  the  middle  strata  of  the  Lower  green-sand. 

2.  A  series  of  beds  about  30  feet  in  thickness,  composed  of  shale,  in  part  so  bituminous  as  to 
serve  the  purposes  of  fuel ;  in  other  places  passing  into  a  very  bituminous  sofl  fissile  limestone 
(*'  White  lias ")  of  a  light  brown  or  grey  colour,  which  on  decomposing  becomes  almost  white. 
The  dark  surfaces  of  the  fissile  beds  are  spotted  with  numerous  light  grey  specks,  probably  the 
remains  of  organized  bodies. 

Another  form  in  which  calcareous  stone  alternates  with  the  bituminous  shale  above  mentioned, 
is  that  of  a  dark  brown  stone, — sometimes  of  the  consistence  of  indurated  marl,  effervescing 
freely,  sometimes  acquiring  a  flat  conchoidal  fracture  and  greater  hardness,  and  but  slightly 
effervescent. 

The  strata  around  Kimmeridge  Bay,  which  seem  to  belong  to  a  lower  part  of  the  series  than 
the  second  group  above  mentioned,  include  a  remarkable  bed  of  brown,  bituminous,  and  some- 
what gritty  limestone,  about  two  feet  thick,  which  is  divisible  into  rhomboidal  fragments.  This 
is  succeeded  by  a  considerable  thickness  of  shale,  less  bituminous  than  the  "  coal "  ;  which  in- 
cludes with  other  fossils,  great  numbers  of  Ammonites  biplex  much  compressed,  and  alternates  with 
thin  beds  of  the  limestone.  At  Hen  Cliff  three  or  four  such  beds  occur  in  the  shale.  One  of  the 
same  character  is  conspicuous  in  the  arch  or  curve  of  the  cliff  at  Kimmeridge  Bay,  and  another 
about  SO  feet  below,  seems  to  be  the  lowest  stratum  of  the  Isle  of  Purbeck. 

The  Kimmeridge  clay^  sinks  into  the  sea  at  Gad  Ciiff,  and  does  not  again 
appear  till  after  an  interval  of  seven  or  eight  miles^  where  a  very  good  sec- 
tion is  visible  in  Ringstead  Bay  on  the  west  of  Whitenore.  The  beds  which 
occupy  the  shore  thence  to  Weymouth  Bay  form  the  transition  from  this 
clay  into  the  Oxford  oolite ;  and  as  a  full  account  of  them  will  be  given  by 
Dr.  Buckland  and  Mr.  De  la  Bechef^  I  shall  only  mention  here  that  the 

*  It  bums  with  a  bright  flame,  emitting  a  very  disagreeable  smell,  and  leaves  a  grey,  light,  and 
spongy  cinder. 

t  The  country  around  Weymouth  had  been  previously  illustrated  by  a  paper  of  Professor 
Sedgwick,  in  the  Annals  of  Philosophy  for  1826,  vol.  xi.  p.  339,  &c. ;  where  its  resemblance  to 
the  clifi  near  Scarborough  was  pointed  out,  and  the  relations  of  the  beds  between  the  Port- 
land strata  and  the  Oxford  oolite,  in  different  places,  explained.     The  Memoir  of  Dr.  Buckland 
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whole  of  this  series^  including  both  the  bituminous  strata  of  Kimmeridge, 
and  the  more  complex  group  beneath^  is  fully  developed  in  the  Lower  Bou- 
lonnois^  of  which  I  have  given  an  account  in  another  paper  read  before  this 
Society  * ;  and  that  the  coast  of  Yorkshire  near  Scarborough  is  composed  of 
similar  strata  f. 

(108.)  On  a  general  view  from  the  heights  in  Purbeck  or  Portland,  of  the 
great  bay  or  excavation  of  the  coast,  of  which  the  Isle  of  Purbeck  forms  the 
east  wing,  and  that  of  Portland  the  western  promontory,  it  is  natural  to 
suppose  that  the  strata  in  both  places  are  the  remaining  portions  of  a  wide 
plane,  which  at  one  time  passed  continuously  through  both  places,  and  formed 
the  reflected  portion  of  that  which  rises  from  beneath  the  chalk  and  runs 
in  a  nearly  uniform  direction  from  Ballard  Hill  to  the  heights  near  Lulworth 
Cove.  This  ridge,  if  continued,  would  pass  through  Weymouth :  but  the 
chalk  is  suddenly  interrupted  at  Whitenore  Cliff,  and  its  main  outcrop  on  the 
west  of  that  place,  being  directed  towards  a  point  about  15^  or  16^  north  of 
west,  makes  an  angle  of  about  20^  with  its  previous  range  through  the  Isle 
of  Purbeck.  On  a  close  examination,  this  change  is  found  to  be  attended 
with  some  very  remarkable  circumstances ;  the  coast  on  the  north  and  west 
of  Whitenore  having  been  the  scene  of  great  disturbance,  by  which  a  very 
complex  series  of  faults  has  been  produced.  The  general  disposition  of 
the  strata,  however,  is  still  that  of  a  saddle  ;  the  northern  side  of  which  dips 
to  the  east  of  north,  while  the  beds  in  the  Isle  of  Portland,  (the  only  re- 
maining portion  of  the  slope  on  the  south  side,)  decline  towards  a  point  about 
48°  east  of  south;];.  The  upper  beds  of  Portland  are  therefore  but  a  part 
of  the  mantle-shaped  covering  which  once  enveloped  the  lower  strata  both 
in  Portland  and  in  the  intermediate  space  from  thence  to  Kimmeridge  Bay, 
where  indications  of  the  mantle-shaped  arrangement  are  still  visible;  the 
strata  on  the  east  of  the  bay  sinking  into  the  sea  between  Tilly  whim  and 
Durlstone  Head,  very  much  in  the  same  manner  as  they  do  at  the  Bill  of 


and  Mr.  De  la  Beche,  so  often  referred  to  in  the  text,  has  been  printed  in  the  beginning  of  the 
present  volume  of  the  Geological  Transactions. 

*  Proceedings,  vol.  i.  p.  6. 

t  Sedgwick;   Ann.  of  Phil.  1826.     J.Phillips;  Geology  of  Yorkshire,  4to,  1829. 

J  The  strike  in  Portland  is  well  determined  by  the  position  of  the  two  points  on  the  opposite 
side  of  the  island,  where  the  beds  beneath  the  stone  rise  from  the  sea.  These  are, — on  the  west 
coast,  a  spot  almost  due  west  of  the  words  **  H"^.  Light  "  in  the  Ordnance  Map ;  and,  on  the  east 
coast,  the  place  where  the  shore  is  cut  by  a  line  passing  through  the  letter  c  in  "  Church-hope,*" 
and  the  bottom  of  the  letter  e  in  the  word  **  isle  ".  The  line  joining  these  opposite  points, 
makes  an  angle  of  about  48°  with  the  meridian  ;  the  dip  being  consequently  directed  to  about  48"^ 
east  of  south.     See  the  Map,  Plate  VIII. 
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Portland.  The  structure  in  this  case  is^  in  fact^  analogous  to  that  of  the 
Isle  of  Wight ;  except  that  the  top  of  the  curve  has  in  that  place  been  car- 
ried away^  and  that  what  remains  of  the  upper  strata  on  the  south  of  the 
island  is  much  less  inclined. 

(109.)  Coast  west  of  Purheck. — The  sections  west  of  the  Isle  of  Pur- 
beck^  as  far  as  Whitenore  on  the  coast  of  Dorsetshire^  have  been  generally 
described  and  represented  by  Mr.  Webster  with  his  usual  clearness  *,  but 
have  not  yet  been  examined  in  de^il.  The  Purbeck  strata  especially  are 
disclosed  there  under  a  great  variety  of  aspects^  no  fewer  than  nine  sections 
of  the  beds  between  the  chalk  and  Portland  stone  being  visible^  on  the  shore 
of  the  small  bays  by  which  the  coast  is  indented^  within  the  short  space  of  five 
miles  f.  One  of  the  most  remarkable  circumstances  in  the  structure  of  this 
part  of  the  coasts  is  the  rapid  convergence  of  the  strata  in  proceeding  west- 
ward from  the  Isle  of  Wight ;  the  total  distance  from  the  top  of  the  green- 
sand  to  the  beginning  of  the  Portland  stone^  which^  between  Ballard  Downs 
and  Durlstone  Head  is  about  two  miles  and  a  half,  being  reduced  to  about 
150  paces  at  Durdle  Cove.  The  sectional  sketches  PI.  X.a.  Nos.8.  to  10'^ 
which  are  drawn  to  the  same  scale^  exhibit  the  proportion  of  this  reduction  ; 
and  Pl.X.  b.  figs.  7.  and  8.^  show  on  a  much  larger  scale^  the  detail  of  the  beds 
in  the  east  side  of  Lulworth  Cove^  and  on  the  east  of  the  isthmus  connecting 
the  ridge  of  Portland  stone  with  the  chalky  at  Man-of-War  and  Durdle  Coves; 
beyond  which  some  detached  vertical  masses^  standing  out  in  the  sea  like 
walls^  and  successively  coming  nearer  to  the  main  cliffy  are  the  last  indica- 
tions of  the  beds  below  the  chalk  upon  this  part  of  the  coast. 

In  these  weatem  sections  of  the  groups  immediately  below  the  chalk  it  is  impossible  to  recog- 
nise all  the  subdivisions  of  the  coast  of  Kent,  and  the  adjoining  counties ;  the  separation  between 
the  upper  and  lower  green-sands  having  in  a  great  measure  disappeared,  and  the  latter  being 
gready  reduced  in  thickness,  or  wholly  united  with  the  upper  sands.  In  the  Wealden,  likewise, 
the  clay  can  scarcely  be  separated  from  the  strata  representing  the  Hastings-sands,  which  occupy 
a  considerable  space ;  and  here,  as  in  the  Isle  of  Wight,  the  proportion  of  red  and  variegated 
sandy  clay  to  the  ferruginous  sands  is  very  great,  one  distinct  group  of  such  clay  being  observ- 

•  Letters,  &c.,  pp.  185-6,  193-7. 

t  These  sections  are  :  1 .  Worbarrow  Bay.  2.  Mewp  Cove,  not  named  in  the  Ordnance  Map. 
3.  Bacon  Hallf  a  nook  on  the  west  of  Mewp.  4.  and  5.  Lulworth  Cove,  east  and  west  sides  ; 
PL  X.  a.  No.  10. ;  and  X.b.  fig.  7.  6.  Stare  Cove,  7.  West  o£ Horse-walls.  8.  Man-oJ^War  Cove; 
PI.  X.  a.  No.  10'.,  and  PI.  X.b.  fig.  8.  9.  Durdle  Cove.  The  coast  hereabouts  being  difficult  of 
access,  and  the  adjacent  coimtry  thinly  inhabited,  I  believe  that  the  best  stations  for  a  geologist 
who  wishes  to  examine  it  with  ease,  would  be  Swanage,  for  the  eastern  part  of  the  Isle  of  Purbeck ; 
and  East  Lulworth,  for  the  coast  westward.  A  good  boat  should  be  taken  in  calm  weather,  at 
Lulworth  Cove  or  at  Worbarrow,  to  view  the  cliffs  from  the  sea. 
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able  at  the  top  and  another  at  the  bottom  of  the  sands.  The  curves  and  contortions  of  die 
limestone  beds  in  the  Purbeck  strata,  where  they  alternate  with  clay,  are  strongly  contrasted 
*  with  the  parallelism  and  regularity  of  the  more  uniform  parts  of  the  series,  both  in  the  sands 
above,  and  the  Purbeck  and  Portland  formations  below ;  the  difference  being  probably  ascribable 
(as  Mr.  Conybeare,  I  believe,  has  remarked,)  to  the  effect  of  lateral  pressure,  upon  a  mass  con- 
sisting of  folia  which  differ  so  much  in  their  power  of  resisting  flexure  and  compression,  as  the 
limestone  and  the  clay. 

Luhcorth  Cove. — The  relative  space  occupied  by  the  different  groups  below  the  chalk,  on 

the  east  side  of  this  Cove,  is  as  follows:  (See  PI.  X.a.  No.  10. ;  and  X.b.  fig.  7.) 

Ft  In. 

1.  Upper  Greeri'Sandf  including  large  concretions  of  chert 76  0 

2.  Blue  Clay  {Gaxdt\  occupying  a  depression,  in  part  covered  with  grass 66  0 

3.  Wealden.     Clay  and  sand : —  Feet. 

a.  Reddish  sand  and  clay t 122 

h.  Sand  of  various  shades,  yellowish  and  brown :   about  the  middle  are  beds^ 
of  coarse  conglomerate,  consisting  of  fragments  of  translucent  quartz  and  I 

of  blackish  flmt )    28 1 

[A  coating  of  diluvial  gravel  extends  from  the  chalk  to  about  the  middle 
of  this  space,  where  the  cliff  is  about  40  feet  high.} 

c.  Reddish  sand  and  clay.     [The  cliff  is  here  10  or  12  feet  lower.] •        80 

d.  Dark-brown  sand,  including  fragments  of  lignite   and  of  fossil  wood.  \        . 


[Large  Unios  and  a  small  Paludina  {elongata  ?)  are  found  near  this  place. 

e.  Grey  and  whitish  sand  •••••••. 15     0 1 

0/ 


41 


Greenish  clay  and  sand.     [Cliff  about  80  feet  high.] 26 

/.  A  band  of  red  clay  and  of  dark-brownish  matter ? 

g.  Yellowish  sand*  •  •  • 

A.  Dark  carbonaceous  sand 

t.   Variegated  sand  and  clay,  greenish  and  reddish.     [A  depression  here  in  -i 

the  outline  of  the  cliff.     At  the  lower  part  beds  of  compact  grey  lime-  I     66 

and  clay.     Surface  in  part  concealed  and  covered  with  grass.]    J    

Total,  about. .  • .  600  0 

4.  Purbeck  strata :  estimated  at  150  yards  ;  cliff  about  SO^feet  high.     [Distinct  ledges  of  ^ 

coarse  sand-rock,  including  much  green  matter  and  a  thick  species  of  Unio,  are  l^  e/x  /^ 
,     quarried  near  the  top  of  the  formation.     On  the  shore  were  fragments  of  beds  of  j*^^ 
fibrous  carbonate  of  lime,  7  to  8  inches  thick] J 

5.  Portland' stone  (estimated  at  80  yards) 240  0 

The  Upper  Green-sand  is  very  distinct  in  this  section.  The  place  of  the  GauU  is  indicated  by 
a  slight  depression,  which  is  continued  in  the  grassy  hills  on  the  east  of  the  Cove.  The  Lower 
Green-sand  may,  possibly,  be  included  in  the  general  mass  of  sand,  3.  a. ;  but  the  Weald  clay  is 
not  distinguishable.  Below  the  mass  of  yellowish  and  ferruginous  sands,  3.  6.,  is  a  considerable 
extent  of  variegated  clays,  comprising  beds  much  charged  with  carbonaceous  matter ;  the  whole 
clearly  referrible  to  the  Hastings  sands.  The  transition  thence  to  the  Purbeck  strata  is  not 
distinctly  seen;  but  some  of  the  beds,  3.  i.,  of  grey  uniform  limestone,  alternating  with  clay,  near 
the  junction,  resemble  those  of  the  "  lime- works  "  on  the  north-west  of  Battle,  which  are  sup- 
posed to  be  the  lowest  members  of  the  Hastings  series.  The  top  of  the  Purbeck  on  the  east  of 
the  Cove  contains  very  numerous  Unios  in  coarse  green  sand-rock :  and  on  the  west  side  a  bed 
of  greenish  slaty  stone,  in  the  upper  part  of  the  series,  consists  of  oolitic  particles,  and  contains 
Cypris.  Near  the  junction' of  the  Purbeck  with  the  Portland  stone  ^  the  site  of  the  "Dirt-bed", 
which  in  the  Isle  of  Portland  contains  silicified  trees  and  Cycadeas,  is  very  distinctly  seen. 
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Man-of'War  Cove,  PI.  X.  a.  No.  10'.;  and  X.  b.  Rg.  8. — In  the  isthmus  here,  which  connects 
with  the  main  land  a  wide  peninsular  mass  of  Portland  stone  rising  towards  the  south,  many  of 
the  beds  are  inclined  backwards,  and  lean  towards  the  chalk  hills.  A  coating  of  reddish 
gravel,  from  3  to  6  feet  thick,  extends  to  some  distance  from  the  clialk  along  the  top  of  the 
isthmus,  and  is  shown  by  the  dotted  line  in  fig.  8.     The  following  are  the  strata  at  this  place  : 

Paces. 

1.  Chalk. 

2.  Greefi'Sand # • •  • 85 

5.  Wealden-clay  and  Sands. 

a.  Dark  clay,  much  mixed  with  sand ;  and  including  a  mass  of  ferruginous  sand- 1 
rock,  4  to  6  feet  thick :  seems  to  represent  the  Weald  clay    j 

h.  Light  grey,  and  white  sand • • 7 

c.  Red  clay,  nearly  vertical ;  but  inclining  a  little  towards  the  chalk. 10 

d.  Grey,  and  brownish  sand,  including  at  top  a  conspicuous  bed,  of  dark  hue,  which  n 

contains  much  lignite  in  large  pieces.     [The  breadth  of  the  isthmus  here,  at  1 40 
the  bottom,  is  about  150  paces  from  west  to  east ;  at  top  about  40  paces.]  •  •  J 

e.  Dark  red  and  variegated  clay.     A  considerable  depression  here  in  the  outline  of  1  .  ^ 

the  cliff /il_ 

Total,  about 74 

4.  Purbeck  strata.     Upper  calcareous  beds  much  distorted.     About  the  middle  a  bed  of  -i 
oysters  is  conspicuous,  which,  as  it  rises,  is  divided  like  a  Y,  and  one  of  the  portions  re-  >30 
fleeted  back  towards  the  chalk.     Estimated  thickness  (probably  less  than  the  true) J 

6.  Portland  stone  (estimated) .80— 90 

(110.)  hie  of  Portland*. — The  coast  of  Dorsetshire,  from  the  promoutory 
of  Whitenore  to  Lyme  Regis,  forms  the  subject  of  a  memoir  by  Dr.  Buckland 
and  Mr.  De  la  Beche,  which  is  printed  at  the  commencement  of  the  present 
volume :  I  shall  not,  therefore,  give  any  general  description  of  it ;  but  having 
been  favoured  with  a  perusal  of  that  valuable  paper,  I  find  it  necessary  to 
mention  some  details  respecting  the  appearances  observable  near  the  junction 
of  the  Purbeck  and  the  Portland  formations,  with  a  view  to  a  comparison 
of  this  part  of  the  series  in  the  interior,  with  that  of  the  coast  in  England^ 
and  in  the  Boulonnois. 

Mr.  Webster,  in  his  account  of  the  strata  above  the  Portland  stonef,  has 
described  a  remarkable  bed,  called  by  the  quarry-men  the  ''  Dirt "  or  ''  Black 
'^dirt",  which  he  found  to  contain  portions  of  the  trunks  of  silicified  trees; 
one  of  which  he  himself  saw  standing  upright,  and  divided  at  the  lower  part, 
^'  so  as  to  give  the  idea  of  roots  ".  He  states  that  these  trunks  were  not  found 
in  any  other  part  of  the  series  ;  but  not  having  seen  any  fossils  in  the  beds 
above  the  Portland  stone,  he  expresses  himself  with  caution  as  to  the  place 
of  the  boundary  between  the  Purbeck  strata  and  the  oolitic  group  beneath 

*  The  substance  of  this  and  the  following  sections,  to  (116.)  inclusive,  was  read  before  the 
Geological  Society  on  the  Idth  of  May,  1835  ;  and  is  inserted  here  by  permission  of  the  Pre- 
sident and  Council. 

t  Geol.  Trans.,  2nd  Series,  vol.  ii.  p.  39,  &c. ;  read  Nov.  1824. 
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it ;  intimating,  however,  that  it  will  probably  be  fouod  at  the  top  of  the  chert 
or  flint  in  the  upper  {nirt  of  the  oolite.  Some  years  afterwards  Dr.  Buckland 
described  specimens  of  a  new  family  of  fossil  plants  from  the  "Dirt-bed"  above 
mentioned;  to  which,  at  the  suggestion  of  Mr.  Brown^  be  gave  the  name  of 
Cycadeoideee*,  but  which  M.  Adolphe  Brongniart,  adopting  a  different  system 
of  nomenclature,  soon  after  formed  into  a  genus  which  be  called  Mantelliaf. 
Dr.  Buckland  was  subsequently  led  to  infer  that  the  "  Dirt-bed"  was  actually 
the  soil  in  which  both  the  siHcified  trees  and  the  Cycadeoideie  had  grown  : 
and  in  a  paper  read  before  the  Society  in  1830^,  now  published  in  this 
volume,  he  and  Mr,  De  la  Beche  have  stated  several  facta  respecting  that 
remarkable  bed;  adding  in  a  D0te§  that  Professor  Henslow  had  ascertained 
the  existence  of  two  other  beds  of  dirt  (or  of  clay  with  carbonaceous  matter) 
below  it;  one  of  them  about  seven  feet  beneath,  the  other  about  two  feet 
still  lower  down. 

On  visiting  the  Isle  of  Portland  last  summer^  with  a  knowledge  of  tliev 
facts,  I  found  that  the  clay,  or  "  dirt ",  below  the  Cop,  (the  upper  apr 
rently  of  the  two  additional  clays  described  by  Profeuor  Hendow,)  i:- 
contains  Cycadese,  in  an  upright  position,  and  to  all  ^pearance  in  the  j - 
where  they  had  grown ;  and  I  obtained  also  aome  new  erideuce  rasp: 
the  character  of  the  beds  immediatdy  above. 

(111.)  The  following  are  a  sketch  and  enumoation  ti  tbe  strata 
at  the  time  of  my  ezaminatioHj  in  the  qimrriei  iboiit  the  middle  of 
and  westward  of  that  point    wfald|^^^^^^^^^^^^H  dur 
visit  to  Portland,  when  I  had  ^^^MHeBH^^Hai%  ac 
Mr.  Brown. 

The  whole  mass  of  the  atiaU  vrtiich  now  Com  tbe  Me  at  Fortland  :ii 
to  great  dislutbance  long  beforo  tbe  tuifnct  Rcqitirtd  iti  prtx-n- 
the  vertical  lifts,  from  a  few  incbea  lo  aome  tcM  widoi  wot  fori 
able  in  (he  face  of  the  quanici,  paasbg  inilucriiiiiiiBtriy  i!k< 
Portland  strata,  and  having  in  many  iottatims  produced  diipl.i' 
and  this  at  such  distances  from  tbe  pruntt  oout  ot  ihi-  - 
diatuTbance  or  subsidence  of  ih»  aea-difik  has  bad  my  ■■■■■ 
remark  abletl^^lieBurfa»  ont  tbsK  diqoiiiwd  bcfr  is 
i  fractnnt  of  dia  daQr  Pui ! 
rbis  and  vegetaLK 
iwrtiai!! 
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be  more  remarkable  than  the  immediate  contact  of  these  two  groups  ;  the  upper  consisting  of 
freshwater  limestone  with  few  fossils;  the  lower  distinctly  oolitic,  with  fossils  in  great  number 
and  variety,  and  all  of  them  marine*. 

3.  Besides  the  "  Black  Dirt**  (No.  8.),  or,  as  it  is  usually  called  by  the  quarry-men,  "  the  Dirt ", 
two  or  more  thin  courses'of  clay  occur  above  the  Cap :  one  (No.  3.),  about  two  inches  thick, 
between  the  Bacon-ledge  and  the  Slate;  another  (No.  5.),  about  an  inch  in  thickness,  dividing 
the  former  from  the  Ash,  The  number,  however,  of  these  thin  beds  of  clay  varies  in  the  different 
quarries ;  and,  in  general,  it  may  be  said  that  such  alternations  with  the  limestone  are  not  unire- 
quent.  They  all  bear  the  name  of ''  Dirt",  and  are  more  or  less  mixed  with  fragments  of  stone 
and  with  carbonaceous  matter ;  but  contain  commonly  much  more  clay  than  either  of  the  two 
beds  hereafter  mentioned,  which  include  the  remains  of  plants. 

4.  The  Bacofi'tier  consists  of  calcareous  slate  alternating  in  some  places  with  thin  beds  of  sand. 
It  is  from  2  feet  to  2^  feet  in  thickness. 

6.  The  Anh  is  a  soil  fissile  limestone,  like  the  last-mentioned  bed,  from  which  it  is  easily  sepa- 
rated in  working.  In  general  it  is  from  eighteen  inches  to  two  feet  thick,  and  is  closely  connected 
with  the  Soft  Burr^  7.  When  the  incumbent  beds  are  removed,  it  generally  exhibits  an  uneven 
surface,  with  numerous  bosses  or  prominences,  enveloping  the  broken  tops  of  the  trunks,  which 
stand  upright  in  the  dirt-bed  below,  as  described  by  Dr.  Buckland  and  Mr.  De  la  Beche. 
Oblong  depressions  also  are  frequently  observed  on  the  surface  of  the  Ash,  called  by  the  quarry- 
men  ''  graves  ",  the  origin  of  which  it  is  not  easy  to  explain. 

7.  The  Burr  of  the  Ash,  or  Soft  Burr,  is  between  two  and  three  feet  thick.  It  has  obviously 
been  deposited  around  the  lower  part  of  the  petrified  trunks,  and  is  always  separated  from  them 
by  a  small  space,  at  present  occupied  by  the  carbonaceous  matter  produced  by  the  decomposition 
of  part  of  the  tree :  and  this  is  the  case  also  where  the  Ash  envelopes  the  top  of  the  broken 
stumps.  The  junction  of  these  two  beds,  around  the  trunks,  is  oflen  attended  with  some  very 
interesting  appearances,  for  an  account  of  which  I  refer  to  a  note  by  Professor  Henslow  in 
the  preceding  part  of  this  volume  f* 

8.  The  **Dirt"f  or  **  Black  DirV\  in  Portland  is  separated  from  the  stone,  both  above  and 
below,  by  well-defined  surfaces ;  while  some  of  the  other  beds  of  clay,  or  dirt,  pass  by  gradation 
into,  or  adhere  closely  to,  the  stone  which  adjoins  them.  It  is  from  twelve  to  eighteen  inches 
thick,  and  differs  from  all  the  other  beds  alternating  with  the  slaty  limestone,  in  containing 
large  worn  fragments  of  stone ;{;,  from  three  to  nine  inches  in  diameter,  in  such  numbers  that 
the  whole  deserves  the  name  of  coarse  gravel.  With  these  are  mixed  coarse  carbonaceous 
matter  and  minuter  fragments  of  stone  ;  but  seldom,  in  the  Isle  of  Portland,  any  continuous  or 
cohesive  clay : — the  carbonaceous  matter  arising,  no  doubt,  from  the  remains  of  vegetables,  and 
being  most  abundant  immediately  around  the  trunks  and  Cycadese,  which  this  bed  includes,  or 
supports. 

At  Upway,  on  the  north  of  Weymouth,  the  representative  of  the  "  Black  Dirt"  likewise  con- 
tains petrified  trees :  but  the  pieces  of  stone  which  it  includes  are  few  and  much  smaller,  and 
it  approaches  more  nearly  to  the  usual  form  of  vegetable  mould,  or  of  clay.  On  the  north-east 
of  Weymouth  its  place  can  be  distinctly  recognised  in  the  cliffs  between  Lulworth  Cove  and  Wor- 

*  Compare  what  is  here  stated,  with  the  account  of  the  junction  of  the  marine  beds  with  the 
top  of  the  Wealden,  at  Atherfield  in  the  Isle  of  Wight  {supra,  p.  196,  last  lines), 
t  Pages  16.  and  17. 

%  In  these  fragments  I  could  find  no  fossils  ;  Mr.  Webster  considers  them  as  belonging  to  the 
beds  of  the  Portland  stone. 
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barrow  Bay ;  and  in  the  Isle  of  Purbeck,  beneath  Woi- 
bajTow  Knob.  In  the  \o(tiet  cliffs  at  Gad  Cliff  it  is  not 
accessible ;  but  among  the  fallen  ruins  on  the  shore  were 
some  portions  of  siliciGed  trunks.  Between  Tillywhim 
and  Dnrlstone  Head  a  cavity  can  be  perceived  in  some 
places,  in  the  part  of  the  cliff  where  this  bed  might  be 
expected. 

Pttryied  Treet. — The  portion  of  the  trees  left  standing 
above  the  dirt-bed  in  Portland,  is  frequently  more  than 
three  feet  in  height :  and  one  instance  was  raentiooed  to 
me  in  which  six  feet  of  a  trunk  stood  thus  in  the  up- 
right position.  I  did  not  see  any  case  in  which  the  roots 
penetrated  into  the  Cap  below  ;  but  observed  several  fis- 
sures in  the  top  of  that  bed,  some  of  them  coated  with  a 
crust  of  Btalactitic  carbonate  of  lime.  In  one  instance  a 
prolonged  branch  of  the  root  had  evidently  been  bent  out 
of  its  course  by  meeting  the  Cap,  and  was  continued  ho- 
rizontally along  its  surface  for  several  inches  :  the  quarry- 
men  said  that  such  cases  were  not  uncommon,  and  that 
the  roots  sometimes  ran  along  the  top  to  a  much  greater 
distancet  but  never  penetrated  the  Cap  itself. 

Some  very  fine  specimens  of  the  silicified  trunks  had 
been  found  not  long  before  I  saw  them ;  one  of  which  had 
been  judiciously  restored,  by  joining  the  fragments  and 
placing  the  whole  erect  gainst  the  wall  of  a  house.  The 
total  height  from  one  extremity  to  the  other  was  above 
ioi  feet ;  the  diameter  of  the  stem  where  the  roots  went 
off,  about  11  j  inches.  The  trunk  was  nearly  straight  and 
undivided  for  about  17  feet,  and  the  branches  slight  in 
comparison  with  the  main  stem. 

A  still  finer  specimen,  found,  I  believe,  near  the  same 
place,  in  Dungenesa  Quarry,  and  at  the  same  time  with 
that  just  described,  has  been  brought  to  London  for  sale; 
and  I  am  enabled,  through  the  favour  of  Mr.  Freeman,  in 
one  of  whose  warehouses  the  specimen  was  deposited,  to 
insert  a  representation  of  it,  from  a  drawing  made  by  Mr. 
Sowerby,  after  careful  admeasurement,  aa  it  lay  horison- 
tally,  the  fragments  which  had  been  separated  appearing 
to  fit  exactly.  The  total  length,  from  the  extremity  of  the 
roots  to  that  of  the  branches,  was  about  S3^  feet,  and  to 
the  bifurcation  nearly  20  feet.  The  roots  and  undivided 
pordoQ  of  the  stem  to  the  first  crack,  occupied  about  X 
feet.  The  situation  of  the  other  cracks,  of  which  there 
are  fourteen  or  fifteen,  is  eitpressed  in  the  figure.  The 
trunk  is  compressed  throughout ;  the  branch  on  the  right,  ' 
especially,  having  been  much  flattened  near  its  extremity. 
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At  £  feet  from  the  extremity  of  the  root,  the  greatest  diameter  is  18|-  inches,  the  transrerse 
diameter  only  12^;  at  4  feet,  the  diameters  are  16^  and  11^  inches;  at  11  feet,  14}  and  11^; 
and  at  18  feet,  15  and  9f  inches.    The  right  branch  at  its  extremity,  11  and  4|  inches. 

The  specimen  here  represented  is  much  like  that  which  is  preserved  in  the  Isle  of  Portland, 
in  general  aspect  and  proportion ;  but  many  of  the  stumps  which  I  saw  standing  in  the  quarries 
were  much  larger.  One  that  I  measured,— of  which  5  feet  stood  upright  from  the  lowest  point 
of  the  roots  to  the  top  of  the  broken  trunk, — was  2  feet  in  one  of  its  diameters,  and  6  feet  9  inches 
in  circumference.  Another,  5  feet  10  inches  in  total  height,  was  about  2  feet  10  inches  in  diameter, 
and  9  feet  4  inches  round ;  and  I  was  assured  that  others  had  been  found  of  much  greater  thick- 
ness. All  the  larger  trees  that  I  saw  were  in  the  quarries  on  the  north-west  of  the  church ;  one 
of  which  afforded  also  the  specimen  represented  in  the  wood-cut,  with  several  large  Cycadese.  Id 
many  places  I  saw  large  branches  lying  prostrate,  and  paxtially  immersed  in  the  Dirt; — one  of 
them,  above  3  feet  long,  within  %  feet  of  another  portion,  about  10  feet  in  length,  and  in  the 
same  direction  with  it*. 

From  the  evidence  afforded  by  thin  transparent  slices,  both  of  the  transverse  and  longitudinal 
sections,  which  have  been  examined  under  the  microscope  t  by  Mr.  Brown,  the  fossil  trunks  of 
Portland  are  found  to  possess  the  characters  uniformly  belonging  to  coniferous  wood:  but  it  must 
be  observed  that  these  characters  are  not  absolutely  confined  to  Conifers. 

The  CycadecB  found  in  the  ''  Black  Dirt"  are  generally  from  9  inches  to  a  foot  in  diameter, 
and  about  9  or  10  inches  high.  I  myself  saw  but  one  specimen,  which  had  been  recently  taken 
from  its  place,  in  this  bed ;  and  it  was  -stated  by  the  quarry-men  that  on  the  west  of  the  main 
road  from  Chiselton  to  the  church,  they  have  been  found,  or  noticed,  only  in  the  Dirt  above 
the  Cap ;  while  on  the  east  of  the  road,  as  I  shall  presently  mention,  they  are  certainly  found 
below  that  bed.  In  the  eastern  quarries,  indeed,  the  workmen,  who  had  not  seen  them  elsewhere, 
asserted  that  the  Cycadese  were  never  found  above  the  Cap  ;  but  this  I  found  afterwards  to  be 
incorrect.     In  both  situations,  they  are  much  less  common  than  the  coniferous  trunks. 

9.  The  "  Cap"  is  the  thickest  of  all  the  strata  above  the  Portland  stone  ;  the  average  thickness 
being  about  8  feet,  the  extremes  6  and  9  feet;  of  which,  in  some  cases,  about  18  inches  at  the 
top  are  easily  separable  from  the  rest.  When  recently  exposed,  the  whole  of  the  remaining  mass 
is  continuous,  and  consists  chiefly  of  uniform  limestone  of  a  light  brownish  or  drab  colour,  with 
a  flat  conchoidal  and  splintery  fracture ;  but  it  cannot  be  used  for  building,  as,  in  the  workman's 
phrase, "  it  will  not  square"  About  the  middle  and  towards  the  lower  part  it  is  spongy,  or 
cavernous,  including  tortuous  cavities  surrounded  with  botryoidal  carbonate  of  lime  ;  and  it  has 


*  It  would  be  desirable  to  ascertain  the  direction  in  which  the  prostrate  stems  lie,  with  respect 
to  the  meridian,  and  to  the  roots  and  portions  of  the  trunk  remaining  upright,  in  order  to  deter- 
mine whether  they  were  overthrown  by  an  uniform  current  of  wind  or  water. 

t  One  of  the  longitudinal  slices  examined  by  Mr.  Brown  was  broken  from  the  extremity  of  the 
left  branch  of  the  tree  represented  in  the  annexed  wood-cut. 

The  process  by  which  these  slices  are  prepared  for  the  microscope  has  recently  been  carried 
to  great  perfection  by  Mr.  Nicol  of  Edinburgh.  It  consists  in  attaching  a  thin  polished  slice  of 
the  fossil,  separated  by  the  ordinary  method,  to  a  piece  of  plate  glass,  by  means  of  a  uniform 
cement ;  and  then  grinding  it  down  as  far  as  possible  on  the  lapidary's  wheel.  In  this  way  tran- 
sparent slices  have  been  obtained,  which  exhibit  the  internal  structure  of  fossil  wood  with  beau- 
tiful distinctness,  and  show  the  extreme  delicacy  with  which  the  original  vegetable  structure 
has  been  preserved  during  the  petrifactive  process.  Two  papers  by  Mr.  Nicol  on  the  structure 
of  the  recent  and  fossil  Coniferse  are  published  in  the  Edinburgh  Philosophical  Journal,  vol.  xvi. 
1834,  pp.  137  and  310 ;  and  a  third  in  the  Report  of  the  Fourth  Meeting  of  the  British  Asso- 
ciation for  the  Advancement  of  Science,  1834,  p.  160. 
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^together  a  very  strong  resemblance  to  the  Travertine  of  Italy.  The  top  is  sometimes  penetrated 
by  conical  and  nearly  vertical  cavities,  encrusted  with  a  yellowish  stalagmitic  coating.  In  the 
Isle  of  Portland  it  is  compact  and  continuous  at  the  bottom ;  but  in  other  places  the  lower  part, 
and  in  some  cases  the  whole,  is  resolved  by  decomposition  into  slaty  strata. 

At  Upway,  on  the  north  of  Weymouth,  the  lower  portion  of  the  Cap  consists  of  a  series  of 
thin  beds  of  limestone  alternating  with  very  thin  courses  of  clay.  In  Portland,  even  where 
most  compact,  it  contains  a  few  casts  of  a  small  species  of  Cypris ;  and  these  seem  to  be 
more  frequent  (perhaps  because  more  easily  detected)  in  the  more  fissile  representatives  of  the 
bed  at  Upway  and  Bacon-hall.  In  one  or  two  instances  I  found  in  it  obscure  traces  of  small 
univalves  like  those  of  Garsington  and  Combe  Wood  near  Wheatley  in  Oxfordshire* 

In  a  nook  or  recess,  called  by  the  boatmen  Bacon-hall*,  upon  the  coast  about  a  mile  east 

of  Lulworth  Cove,  the  section  of  thift  part  of  the  series  was  as  follows: 

a.  "BtoArDtf^' of  Portland. 

h.  Cap,  consisting  of: 

i.  Slaty  limestone,  divided  by  dark  lines  of  stratification ;  which  at  the  lower  part  become  more 
distinct,  and  at  last  take  the  form  of  ii. 

ii.  Dark  grey  indurated  slaty  clay ;  one  bed  of  which  is  nearly  2  inches  thick. — ^Beneath  it  is 

iii.  A  thin  fiake  of  soft  whitish  limestone. 

c.  Dirt.    An  indurated  bed,  of  a  light  brown  colour,  4  to  5  inches  thick ;  composed  of  argil-* 
laceous  (and  carbonaceous)  matter,  and  including  small  fragments  of  stone. 

tL  (SkuU-<ap  ?)  Limestone,  somewhat  botryoidal ;  the  more  compact  portions  having  a  flat  con« 
choidal  fracture ;  2  to  6  inches  thick. 

e.  Portland  stone,  abounding  in  the  characteristic  fossils,  and  including,  about  6  feet  from  the  top, 
a  band  of  flint,  in  detached  masses,  about  4  inches  thick. 

10.  "  Dirt "  below  the  Cap.  Immediately  below  the  Cap  in  the  Portland  quarries,  and  conse- 
quently separated  firom  the  "  Black  Dirt  **  by  a  thickness  of  about  8  feet,  is  another  bed,  also 
called  '*  Dirt "  by  the  quarry-men,  from  2  to  6  inches  thick,  but  more  uniform  in  its  texture  than 
the  former,  resembling  coarse  silt  or  indurated  loam,  and  containing  in  some  places  small  frag- 
ments of  stone,  but  never  such  large  masses  as  the  "  Black  Dirt'\  This  lower  bed  deserves  especial 
notice,  from  its  aflbrding  specimens  of  Cycadeae,  in  an  upright  position,  and  partially  immersed  in 
it,  as  if  they  had  grown  there.  Of  these  I  myself  saw  two  in  their  original  place  at  a  quarry 
called  "  the  Wheat-croft ",  on  the  east  of  the  "  Traveller's-rest " ;  one  of  them  about  six  inches 
high,  surrounded  with  the  Cap,  into  the  lower  part  of  which  it  projected  above  the  Dirt  for  about 
half  its  thickness,  so  that  it  was  necessary  to  cut  away  the  stone  to  take  it  out ;  and  from  the 
existence  of  many  other  specimens  in  the  debris  of  the  same  quarry,  which  the  workmen  assured 
me  had  all  come  out  of  this  bed,  I  believe  them  to  be  of  frequent  occurrence.  Among  the  latter 
was  one  of  unusual  size,  larger  indeed  in  its  horizontal  dimensions  than  any  other  specimen  I  have 
seen,  either  from  this  bed  or  the  Dirt  above  the  Capf .     This,  from  its  flatter  form,  may  possibly 


*  Notwithstanding  the  apparent  firmness  of  this  rocky  coast,  great  changes  are  constantly  in 
progress  there.  An  old  boatman  who  conducted  me,  without  having  been  asked  a  question, 
expressed  in  very  strong  terms  his  surprise  at  the  alterations  produced,  to  his  own  knowledge, 
within  the  last  thirty  years. 

f  The  specimen  is  now  in  the  museum  of  the  Geological  Society.  It  is  of  an  irregular  figure 
approaching  to  an  oval,  and  measures  20  inches  by  19  in  its  horizontal  diameters,  the  vertical 
thickness  varying  from  6^  to  9  inches.  Another  less  perfect  specimen  which  I  saw  in  the  same 
quarry,  was  about  9  inches  thick,  and  its  diameters  not  less  than  34  and  30  inches.  Of  the  Cy« 
cadese  from  the  Upper  Dirt-bed  very  few  exceed  10  inches,  in  height  and  horizontal  diameter. 
The  largest  I  have  seen  is  nearly  10  inches  high,  and  about  12  in  diameter  near  the  bottom, 

YOL.  lY. SECOND  SERIES.  2  6 


22*  Dr.  FiTTOM  on  the  Strata  beUno  the  Chalk. 

bekMig  to  the  species  mdiformu  of  Adolphe  Brongniart  {Cycadeoidea  wiegahphylla  of  Dr.  Buck- 
land) :  but  it  desenres  inquiry  whether  the  spedmens  in  the  lower  bed  agree  in  all  respects  with 
either  of  those  found  in  the  upper  one. 

In  the  Isle  of  Portlandi  no  trees  have  hitherto  been  found  in  this  lower  dirt ;  which,  from  its 
smaHer  thickness,  might  seem  to  have  been  less  adapted  to  their  production  than  the  upper  one. 
But  if  I  can  rely  upon  a  single  obsenration,  part  of  a  prostrated  trunk  exists  in  the  Dirt  bdow  the 
Cap,  in  a  section  exposed  on  the  west  of  the  road  leading  from  Upton  (on  the  main  land  of  Dor- 
setshire) to  Poxwell.  I  came  to  this  conclusion  from  observing  that  the  inclined  stratum  of  lime- 
stone over  the  bed  including  this  specimen  was  distinctly  botryoidal,  and  of  great  thickness, — two 
characters  which  accord  with  those  of  the  Cap;  while  the  stone  below  it  contained  Portland 
fossils.     But  I  saw  no  Cycadeae  in  the  bed  at  this  place. 

11.  ''  ShdUCap*^  The  thickness  of  this  bed  in  Portland  varies  from  one  to  three  feet,  and  it 
frequently  swells  out  suddenly  from  15  or  18  inches  to  double  that  thickness,  and  retnms  as 
rapidly  to  its  previous  dimensions.  It  is  less  uniform  than  the  Cap,  and  sometimes  has  an 
obscurely  conglomerated  appearance,  but,  like  that  bed,  consists  of  freshwater  limestone,  and  is 
in  some  places  botryoidal.  It  includes  also,  as  Mr.  Webster  has  stated,  small  cavities  coated  with 
minute  rhomboidal  crystals  of  carbonate  of  lime,  fike  those  found  in  the  slaty  beds  above. 

12.  At  the  lower  part,  the  ''  Skull-Cap  "  is  closely  attached  to,  or  passes  into,  a  seam  c^  argil- 
laceous matter,  sometimes  not  more  than  half  an  inch,  and  seldom  more  than  %\  inches  thick,  by 
which  it  is  separated  from  the  Portland  stone.  This  seam  appears  never  to  be  wanting  in  these 
quarries,  and  b  much  more  uniform  than  the  Dirt  immediately  above  the  Skull-Cap,  which  is  very 
unequal  in  thickness  :  in  some  instances  it  is  incorporated  with,  or  adheres  very  closely  to,  the 
top  of  the  Portland  stone  *. 

13.  and  14.  The  top  of  the  Portland  series  consists  of  very  fine-grained  oolite,  resembling  the 
roe  of  fishes,  and  of  a  very  light  brownish  hue.  With  the  oolitic  particles,  other  rounded  frag- 
ments, less  regularly  shaped,  are  mixed  and  united  by  a  calcareous  cement,  so  that  the  whole 
compound  is  very  like  the  recent  conglomerates  which  abound  on  the  shores  of  New  Holland,  of 
many  of  the  Indian  Islands,  and  of  Bermuda  ;  especially  resembling  the  newly-formed  masses  of 
the  last-mentioned  islands,  described  by  LieuL  Nelson  in  a  paper  lately  read  before  this  Society  t- 
This  oolitic  portion  is  seldom  more  than  four  inches  thick,  and  passes  at  the  lower  part  into  dark 
grey  flint,  in  irregular  concretions,  which  form  an  interrupted  range  near  the  top  of  the  bed,  and 
include  the  same  petrifactions  (but  silicified),  with  those  which  abound  in  the  limestone  imme- 
diately around  and  below  them.  The  stone  below  the  flints,  to  a  distance  of  from  two  to  four 
feet  from  the  top,  is  called  ''  Roche  **  by  the  quarry^men,  and  is  essentially  continuous  with  the 
lower  part  of  the  bed ;  but  it  contains  so  many  casts  of  shells  (of  which,  indeed,  it  is  almost 
entirely  composed),  as  to  be  useless  for  the  purposes  of  building,  and  is  therefore  always  sepa- 
rated in  the  quarry.  The  remainder  of  this  stratum,  about  8  feet  thick,  is  known  in  the  island  as 
the  *'  White-bed '',  and  is  that  which  is  now,  almost  exclusively,  quarried  for  the  market  under  the 
name  of  Portland  stone.  This  and  the  lower  strata  of  the  formation,  which  are  not  worked  at 
present,  have  been  already  described  by  Mr.  Webster. 

Among  the  fossils  of  the  White-bed  in  Portland,  are  a  Corbis  ?,  Cythercea  parva,  Lithodomus, 
Pecten  lamellosuSf  Perna  quadrata.  Plica  tula,  Terebra  Portlandica,  Trigonia  gibbosa,  T,  incurva. 


*  The  existence  of  Cycadeae  within  three  feet  of  the  Portland  beds  being  certain,  it  deserves 
inquiry  whether  they  may  not  occur  also  in  this  lower  and  thinner  Dirt-bed  immediately  above  the 
stone. 

+  Proceedings,  vol.  ii.  p.  81. 
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At  Upway,  this  bed«  or  one  of  those  immediately  Mow  it,  is  beautifully  white,  like  chalk,  and 
contains  nodules  of  dark  grey  flint,  frequently  hollow  and  lined  with  quartz  crystals,  which  it 
would  be  impossible,  without  attending  to  their  fossils,  and  their  geological  position,  to  distin- 
guish from  those  of  the  chalk.  One  of  the  characteristics  of  the  best  Portland  stone,  both  of  this 
and  other  beds,  is  that  the  blocks  ring  very  distinctly  under  the  hammer,  giving  out  a  clear  and 
agreeable  note. 

(112.)  It  appears^  therefore^  that  on  the  Dorsetshire  coast  the  Portland 
strata  are  everywhere  succeeded  by  a  series  of  beds  of  freshwater  limestone^ 
alternating  with  beds  of  clay^  or  of  a  compound  called  ''  dirt '%  which  con- 
tains carbonaceous  matter  and  frag^ments  of  stone ;  and  that  two  at  least 
of  these  ''dirt''  beds^  the  first  about  three  feet^  the  second  about  twelve 
feet  above  the  top  of  the  Portland  series^  include  the  remains  of  plants^  which 
grew  in  the  places  where  they  are  found ;  nor  is  it  wholly  improbable  that 
similar  remains  may  hereafter  be  discovered  in  some  of  the  other  and  thinner 
beds  of  ''  dirt ". 

A  point  which  Mr.  Brown  considers  as  well  deserving  of  remark  is^  that  the 
only  remains  of  vegetables  hitherto  found  in  these  strata^  under  the  circum- 
stances above  described^  belong  to  two  nearly  related  families^  Coniferse  and 
Cycadese^  which  have  lately  been  regarded  as  forming  a  distinct  class,  cha- 
racterized not  only  by  the  greater  simplicity  of  the  parts  of  fructification^  but 
also  by  some  peculiarities  of  internal  structure^  and  thence  have  been  con- 
sidered as  intermediate  between  Phanogamous^  and  Cryptogamous  or  Aco- 
tyledonous  plants. 

Another  striking  fact  connected  with  the  remains  included  in  the  ''dirt 
beds"  is^  that  they  are  composed  almost  entirely  of  silex^  though  surrounded 
either  by  limestone  or  by  the  mixed  components  of  the  dirt  itself.  The 
cavities  in  the  petrified  trunks  are  lined  with  minute  crystals  of  quartz;  and 
Dr.  Prout,  who  has  been  so  kind  as  to  examine  specimens  of  the  coniferous 
wood  taken  from  the  confines  of  the  Purbeck  and  Portland  formations,  in  Port- 
land, and  other  places  to  which  I  shall  refer  hereafter, — finds  them  all  to  consist 
almost  wholly  of  siliceous  matter,  with  very  slight  traces  only  of  carbonate  of 
lime  and  of  iron  ;  some  of  the  darker  parts  of  a  specimen,  from  the  Vale  of 
Wardour  containing  also  bituminous  matter.  The  Cycadeee  likewise  are 
described  by  Dr.  Buckland  as  being  almost  entirely  siliceous,  "varying  from 
"  coarse  granular  chert  to  imperfect  chalcedony'**. 

(113.)  The  great  abundance  of  small,  worn,  fragments  of  shells  and  stone 
at  the  top  of  the  Portland  formation,  is  what  might  have  been  expected 
on  the  surffice  of  an  island  of  small  height,  just  protruded  from  the  sea, 

*  Geol.  Tran8.,.2nd  Series,  voL  ii.  p.  d9S. 
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perbapf  to  gndmaSlj  m  to  iMMre  beat  «ar  the  awfiKe  Im* 
it0  emersioo.  The  aezt  ftep,  is  dbe  icfia  of  refolatioBt  wbich  piodvcci 
these  strata,  Hmst  InTe  beea  dbe  diibrioB  of  frcth  water  arcr  the  new  kad, 
from  which  the  ''SkoB-cap"  was  depooterf;  asd  this  was  ioBowed  bj  a 
drying  tip  or  retirement  of  the  water,  so  as  to  diwiiMe  and  conTeri  into  ^ 
land  the  lower  of  the  two  beds  of  cfaj,  or  dirt,  which  now  contain  the  Ct- 
cades.  I  am  not  sofficientlj  acqoainted  with  dbe  habits  of  the  recent  phnts 
of  this  family^  to  form  any  opinion  as  to  the  length  of  time  necasary  fer 
their  acquiring  the  size  of  the  spedmens  now  fiMmd  petrified,  ntir  to  jn^e 
how  far  the  rapidity  of  their  growth  woold  be  modified  by  cfimate :  Imt 
all  the  known  species  are  said  to  be  of  stow  growth;  and  being  foond  at 
Japan,  as  far  north  of  the  equator  as  4<f  ,  and  at  the  Cape  of  CSood  Hope 
and  Port  Jackson,  in  the  soothera  hemisphere,  about  fcuitade  34'',  they  cannot 
be  considered  as  strictly  tropical  productions. 

A  second  submersion  of  the  surfiMre  in  fresh  water  must  have  foDowed  the 
production  of  the  Cycadese  in  this  lower  bed,  from  which  the  ''Op*'  was  accu- 
mulated, to  a  thickness  of  between  seven  and  ten  feet,  and  the  ''  Black  Dirt" 
deposited  above  it;  and  a  third,  and  apparently  aiore  durable  snbmenion,  st3 
in  fresh  water,  must  afterwards  have  taken  place,  by  which  the  "slate'*  and 
a  great  part  of  the  Purbeck  strata  were  produced.  In  this  last  case  the  water 
seems  to  have  been  at  first  unmixed,  but  to  have  become  after  a  time  ac- 
cessible to  the  sea ;  since  not  only  does  the  Purbeck  formation  contain  a 
thick  bed  of  oyster-shells,  but  thence  upwards,  throughout  the  WeaMen, 
oysters  are  found,  in  strata  which  in  several  instances  alternate  with  others 
abounding  in  freshwater  sheik. 

(114.)  Mr.  Lyell  has  pointed  out  the  resemblance  between  the  geological 
events  which  produced  the  strata  of  Portland  Island,  and  those  which  are 
known  to  have  occurred  at  the  mouth  of  the  Indus,  from  the  effect  of  suc- 
cessive earthquakes  connected  with  volcanic  eruption*;  and  it  is  clear  that 
all  the  changes  above  supposed  to  have  taken  phce^ — depression  and  elevation 
of  the  land,  through  comparatively  smaD  depths  and  at  different  periods,  with 

alternate  though  irregular  submersions  both  in  salt  and  fresh  water, have 

been  produced  in  that  region,  not  only  within  the  period  of  tradition,  but 
many  of  them  so  recently  as  in  1819.  Among  other  facts,  it  is  stated,  that 
for  some  years  after  the  earthquake  of  Cutch,  which  happened  in  that  year, 
"  the  withered  Tamarisks  and  other  shrubs  protruded  their  tops  above  the 

waves,  in  parts  of  the  lagoons  formed  by  subsidence,  on  the  site  of  the 

•  Principles  of  Geology,  4th  edition,  voL  ii.  p.  237-242, 
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^'  village*  of  Sindree  and  its  environs.     Every  geologist^''  Mr.  Lyell  Justly 
remarks^  ''will  at  once  perceive^  that  forests  sunk  by  such  subterranean 

movements  may  become  imbedded  in  subaqueous  deposits  both  fluviatile 

and  marine^  and  the  trees  may  still  remain  erect ;  or  sometimes  the  roots 
''  and  part  of  the  trunks  may  continue  in  their  original  position^  while  the 
"  currents  may  have  broken  off  or  levelled  with  the  ground  their  upper 
''  stems  and  branches*." 

(115.)  It  is  very  desirable  that  the  examination  of  the  Portland  quarries 
should  be  repeated  from  time  to  time :  for  as  the  valuable  stone  lies  deep  in 
the  series^  and  it  is  necessary^  for  the  purpose  of  obtaining  it^  to  remove  the 
whole  of  the  incumbent  matter^  the  features  described  in  this  paper  are  con- 
stantly undergoing  a  process  of  destruction  ;  while^  on  the  other  hand,  new 
facts  are  continually  brought  into  view,  which  are  lost  if  not  observed  at  the 
moment.  The  greater  part  of  the  pheenomena  described  by  my  predecessors 
had  thus  disappeared  when  I  visited  the  island,  and  a  few  hours  might  have 
removed  the  fossils  which  I  observed  in  the  bed  below  the  Cap.  Geologists 
may  assure  themselves  that  the  trouble  of  a  journey  to  Portland  will  be  most 
amply  rewarded ;  since  few  places,  it  is  probable,  in  the  world,  exhibit  with 
such  distinctness  and  in  so  small  a  space,  pheenomena  of  more  extraordinary 
interest,  or  of  greater  importance  to  theory. 

(116.)  The  strata,  abruptly  cut  off  by  the  sea  on  the  west  coast  of  Port- 
land, are  found  no  more  in  that  direction  in  England f ;  nor  do  they  occur  on 
the  opposite  coast  of  France  immediately  on  the  south,  which  consists  of  the 
primary  masses  of  Guernsey,  Auvigny,  and  the  main  land  about  Cherbourg. 
On  the  east  of  the  last-mentioned  promontory,  where  they  might  be  expected 
to  appear  among  the  beds  beneath  the  chalk  between  the  mouth  of  the  Seine 
and  Bayeux,  their  presence,  I  believe,  has  not  been  distinctly  ascertained. 
And  on  the  north  of  the  Seine  they  must  be  far  below  the  level  of  the 
English  Channel,  at  least  as  far  as  Etaples,  where  the  rocks  upon  the  shore 
consist  of  chalk  with  flints  in  situ.  The  Portland  beds,  with  a  thin  covering 
of  the  lowest  Purbeck  strata,  rise  from  beneath  the  chalk  and  green-sand  on 
the  south  of  Equihen  in  the  Lower  Boulonnois,  and  are  found  all  along  the 
cliffs  thence  to  the  north  of  Cape  Gris-nez,  where  they  again  give  place  to 
the  superior  strata.  They  have  not  yet  been  discovered,  so  far  as  I  am  in- 
formed, further  to  the  north  in  Europe. 

*  Principles  of  Geology^  4th  edition,  vol.  iy.  p.  274. 

t  The  most  western  point  where  the  Portland  strata  have  been  found  in  England,  is  on  the 
main  land  near  Portishani,  twenty  miles  west  of  Lulworth  Cove.     See  p.  15.  of  this  volume. 
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(117.)  List  of  Fossils  from  the  Beds  below  the  Chalk,  on  part  of  the  Coast 

of  Dorsetshire. 

[^Upper  Green'Sand.'] 
Cirrus  depressus.    Worbarrow  Bay. 
Exogt/ra  conica.    Face  of  the  Hill  top,  W.  of  Osmingtoii  Mill. 

E loeroigata.    Worbarrow  Bay. 

Gryphasa  vesiculosa.    Swanage  Bay,  under  Ballard  HilL     Hill  top,  W.  of  OsBiDg- 

ton  Mill,  with  stems  of  Siphonia. 
Ostrea^  new.    Between  Ham  Cliff  and  Osmington  Mill. 
Pecten  asper.    Swanage  Bay.    Hill  top,  W.  of  Osmington  Mill. 

P orbicularis.    Swanage  Bay.    W.  of  Osmington  Mill. 

P quadricostatus.    Swanage  Bay.    Worbarrow  Bay. 

P quinquecostatus.    Swanage  Bay. 

P .    A  very  convex  variety  (young  ?).    Worbarrow  Bay. 

Serpula  antiquata.     Swanage  Bay 

Siphonia.    Stems.    Worbarrow  Bay.    Hill  top,  W.  of  Osmington  Mill. 

Terdfratula  pectita.    Swanage  Bay. 

Vermetus  concaous.    Swanage  Bay.    Osmington  Mill. 

[GauU.'\ 
Mya  mandibula.    Punfield*,  Swanage  Bay. 

[Weald  Clay.'] 

Cyclas  media.    Punfield.    In  thin  beds  of  bluish  limestone,  encrusted  with  fibrous 

carbonate  of  lime  (^^cone  in  cone"). 
C         membranacea.    Punfield. 
Cypris  tuberculata.     PI.  XXI.  f.  3.     Punfield. 

C Valdensis.     (C.  Faba,  Min.  Con.)    PI.  XXI.  f.  1.     Punfield. 

Exogyra  ?     Punfield.     In  brown  clay. 

Melanopsis}  attenuata.    PI.  XXII.  f.  5.     Punfield.    In  blue  clay. 

M ?    tricarinata.     PI.  XXII.  f.  4.     Punfield.     In  blue  clav. 

Ostrea.    A  plicated  species.    Punfield.    In  a  bed  of  stone  subordinate  to  the  Weald 

clay,  the  greater  part  composed  of  shells ;  with  a  striated  bivalve  (a  Cardium  ?). 
O .     A  smooth  species.    Punfield.     In  greenish  sandy  stone,  coated  with  fibrous 

carbonate  of  lime. 
Paludina  acuminata.    Punfield. 

P elongaia.     Punfield.     With  Cyclas  media,  in  greenish  grey  sandy  clay. 

Unio.    Punfield.     In  thin,  slaty,  dark  bluish  clay. 

Saurian  Reptiles.     Fragments  of  bone  of  a  Saurian ;   and  the  teeth  apparently  of 

a  Crocodile.     Punfield. 
Wood.     Coniferous,  silicified,  in  fragments.    Punfield. 

*  Punfield  is  a  small  nook  or  recess  on  the  north  of  Swanage  Bay,  between  thie  ridge  of  Bal- 
lard Down  and  the  sand-cIifiTs. 
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[Hastings  Sand.'] 

Cyclas  media.  Sand-cliff  between  Swanage  and  Punfield.  In  nodules  of  day-irqn- 
ore,  with  Paludinae;  also  in  hard  subcalcareous  grit. 

Paludina  elangata.    Same  place  and  situation. 

Unio.  One  or  more  species  occur  in  the  concretions  of  grit  within  the  sand-beds,  be- 
tween Punfield  and  the  town  of  Swanage. 

Saubiait  Reptiles.  Large  bones  of  the  Iguanodon  have  been  found  loose  on  the 
shore  at  the  foot  of  the  sand-cliffs  near  Swanage,  by  the  Rev.  T.  O.  Bartlett ; 
(see  Dr.  Buckland's  Notice,  already  referred  to*;)  but  their  precise  place  in 
the  clifis  is  still  to  be  ascertained. 

Wood.  Large  portions  of  the  stems  of  silicified  coniferous  trees  have  been  found  on 
the  shore  under  the  sand-cliffs  in  Swanage  Bay,  by  the  Rev.  T.  O.  Bartlett. 
The  stone  into  which  they  are  converted  is  of  a  very  dark  brown  colour,  re- 
ceives a  fine  polish,  and  does  not  effervesce  with  acids. 

IPurbeck  Strata.] 

Corbula  alata.  PI.  XXI.  f.  5.  Numerous  in  slaty  limestone,  at  Upway,  on  the  north 
of  Weymouth,  with  Cyclas  media.    Durlntone  Bay :  Isle  of  Purbeck. 

Cyclas  media.  PL  XXI.  f.  10.  This  fossil  occurs  throughout  the  series  of  Pur- 
beck strata,  and  is  one  of  the  most  abundant  fossils  of  the  formation,  some  of 
the  beds  being  almost  entirely  composed  of  it.  Upper  beds  of  the  series,  at 
Peverell  Point,  and  Durlstone  Bay.  At  Upway,  west  of  the  road,  50  feet  above 
the  "Cap". 

C angulata.    PI.  XXI.  f.  13.     In  "  Quarry  vein  ",  one  of  the  strata  worked  for 

stone,  near  Swanage.  In  hard  stone  resembling  the  lower  chalk,  when  indurated  ; 
Durlstone  Bay.    Of  large  size,  in  slaty  stone,  at  Upway,  N.  of  Weymouth. 

Cj/pris.  Casts,  in  transparent  carbonate  of  lime,  of  the  interior  of  one  or  more  small 
species  of  this  genus,  occur  in  great  abundance  in  the  beds  of  slaty  limestone, 
which  frequently  includes  rhombic  crystals  of  carbonate  of  lime,  at  the  bottom  of 
the  strata  above  the  "Dirt  bed",  as  well  as  in  the  "  Cap"  over  the  Portland  stone : 
but  it  is  difficult  to  determine  the  species,  as  the  external  surface  is  commonly 
wanting.  In  a  few  instances  an  exterior  spine  or  prominence,  like  that  of  Cypris 
spinigera^  PL  XXI.  f.  3.,  is  perceptible ;  and  in  others  the  protuberance  at  the 
end  of  the  valves,  represented  in  the  figures  of  C.  Valdensis,  PI.  XXI.  f.  1.,  was 
observed.  It  is  not,  however,  improbable  that  some  of  the  casts  may  belong 
to  species  different  from  both  of  these.  Isle  of  Purbeck,  and  coast  thence  to 
the  west  of  Lulworth  Cove.  Quarries  at  Upway,  north  of  Weymouth.  Isle 
of  Portland  :  in  the  "  slate  ". 

Exogt/ra  bulla.     PI.  XXII.  f.  1.    Durlstone  Bay. 

Ostrea  distorta.  PI.  XXII.  f.  2.  Durlstone  Bay.  The  bed  called  ^'  Cinder  ",  about 
the  middle  of  the  strata  which  are  worked  for  stone,  consists  almost  entirely  of 
this  and  other  species  of  oyster. 

*  Proceedings  of  Geol.  Sec,  vol.i.  p.  159. ;  and  Geol.  Trans.  Second  Series,  vol.  iii.  p.  421.  et  seq. 
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Ostrea.  A  new  species?  Durlstone  Bay.  West  side  of  Lulworth  Cove,  in  bluish 
sandy  stone.    Durdle.Cove,  in  a  bed  like  the  ^^  Cinder". 

Paludina  carinifera.  W.  of  Lulworth  Cove,  with  Unio  compressus^  find  a  pearly 
oyster,  in  the  uppermost  of  the  Purbeck  beds,  some  of  which  ^re  almost  entirely 
composed  of  shells  of  Paludinae.  Also,  with  bones  of  fishes,  in  very  blue  com- 
pact and  sparry  limestone. 

P elongata.  Peverell  Point.  Abundant  in  the  uppermost  beds  of  the  Pur- 
beck stone,  with  much  green  matter.     Durlstone  Bay,  with  Ct/clas  media. 

P Sussexiensis.    PI.  XX.  f.  6.    Peverell  Point ;  in  splintery  limestone,  with 

disseminated  calcareous  spar.     Durlstone  Bay. 

Unio  compressus.    Durlstone  Bay ;  in  oolitic  stone,  with  Cypris. 

U —  new  species  ?  At  the  upper  part  of  the  series ;  in  beds  composed  of  carbonate 
of  lime,  apparently  derived  from  the  presence  of  these  shells,  with  a  large  pro- 
portion of  gr^en  matter  (silicate  of  iron).  East  side  of  Lulworth  Cove.  Wor- 
barrow  Bay.  [The  occurrence  of  bivalves  in  this  place  is  mentioned  by  Mr. 
Webster,  Geol.  Trans.,  Snd  Series,  vol.  ii.  pp.  39,  40.] 

Reptiles. — Turtles.    Fragments  of  the  shell  and  bones  of  Turtles  are  not  unfire* 
quent,  and  even  entire  skeletons  are  sometimes  found  in  the  Purbeck  strata. 
Sauriam.    Fragments  of  bone,  and  teeth. 

Fishes.  Palatal  bones  :  Durlstone  Bay.  The  scaly  remains,  also,  of  different  spe- 
cies, are  frequent  in  the  slaty  strata  of  the  Purbeck  stone. 

Plants.     Near  the  junction  of  the  lower  slaty  beds  of  the  Purbeck  with  the 
Portland  stone,  large  trunks  and  branches  of  coniferous  wood  are  found  in  great 
abundance  in  the  ^^  Black  Dirt"  above  the  ^'  Cap  ",  in  the  Isle  of  Portland,  and 
on  the  coast  east  of  Lulworth  Cove ;  and  in  the  dirt  below  the  ^'  Cap  "  ?  between 
Upton  and  Poxwell. 
A  Cone^  represented  in  Plate  XXII.  f.  9.,  and  stated  to  be  ^'  from  Purbeck",  is 
in  the  Museum  of  the  Geological  Society.     It  has  some  slight  resemblance  to 
the  cone  of  a  Dammara  of  the  Moluccas. 
Ct/cadeoidea  {Mantellia  of  Adolphe  Brongniart,  ^'  Prodrome  ",  &c.).     Remains  of 
at  least  two  species  of  Cycadeas  occur  in  the,  Isle  of  Portland,  along  with  the 
trunks  of  coniferous  trees,  in  the  ''  Black  Dirt"  above  the  ^^  Cap" ;  and  those 
of  at  least  one  species,  also  in  the  dirt  or  clay,  between  that  bed  and  the  '^  Skull- 
Cap". 

[Portland  Stone.'] 

Ammonites  biplex.    Isle  of  Portland. 

A new.     Isle  of  Portland. 

Cerithiuml  excavatum  (TurritellaexcavatayMin.  Con.).    West  of  the  Isle  of  Port- 
land. 
Cytherea  parva  ( Venus,  Min.  Con.).    West  of  Portland,  in  the  flint  of  the  "  Roche". 
Lithodomus.     New.     Upper  part  of  the  "White  Bed",  Portland. 
L"  '  Another  species  ?     Same  situation. 
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Monodonta.    New.    Lowest  beds  of  the  Portland  stone.    Near  Blacknore,  Isle  of 

Portland. 
Pecten  lamellosus.    Liowest  beds  of  the  stone.     Same  situation. 
Plicatula}    Casts  of  the  interior,  numerous  in  the  ^^  Roche"  immediately  over  the 

"White  bed".    Portland. 
Terebra  Portlandica.    PI.  XXIII.  f.  6.     Very  numerous  in  the  "  Roche  "  :  also  in 

the  «  White  bed  ".    Portland. 
Trigonia  incurva.    PI.  XXII.  f.  14.    (Miss  Benett  * :   PI.  XVIII.  fig.  2.)      In  the 

"White  bed".    Portland. 

T gibbosa.    Frequent  in  the  "  Roche".  Portland,  and  elsewhere,  on  the  coast. 

T  .    A  variety,  approaching  to  incuroaj  but  less  oblique.    Portland. 

Venus  parva.    (See  Cytherea.) 

[Portland  Sand."] 

Ammonites  giganteus.  Cross-roads  above  Kimmeridge  Farm,  on  the  north-east. 
Isleof  Purbeck. 

A  New  species.    In  concretions  of  splintery  indurated  marl,  or  soft  lime- 

stone.   Lowest  beds  of  the  Portland  sand.    Emmet's  Hill :  Isle  of  Purbeck. 

Cucuttasa.   (A  small  species.)     Portland. 

Exogj/ra  nana.    West  side  of  Portland  Island,  on  an  Ostrea. 

Ostrea  loBvigata.    East  side  of  Portland. 

Panapaa  depressa.  (Mya  depressoy  Min.  Con.)  In  concretions  of  dark  bluish  grey 
indurated  marl.    Lower  part  of  the  sand.     Emmet's  Hill :  Isle  of  Purbeck. 

Pecten.    A  new  species  ?    Upper  part  of  the  sands.     Blacknore,  Portland. 

Serpula  tricristata.  PI.  XXIII.  f.  8.  East  side  of  Portland.  Quas.  in  Kimmeridge 
clay  ? 

S variabilis.    PI.  XXIII.  f.  7.    East  side  of  Portland.     Qua:,  in  Kimmeridge 

clay  ? 

Trigonia  ckroellataf.  Cross-roads  above  Kimmeridge  Farm  on  the  north-east.  Isle 
of  Purbeck. 

Fishes.  Scales  of  fishes  are  found  in  strata  apparently  belonging  to  this  formation, 
under  Gad  Clifi^,  in  the  Isle  of  Purbeck* 

Rays  of  dorsal  fins  (see  the  abstract  of  a,  paper  by  M.  Agassiz,  Pro- 
ceedings of  the  Geological  Society,  vol.  ii.  p.  101.)  occur  in  nodules  either  of 
this  formation  or  of  the  Kimmeridge  clay,  on  the  east  coast  of  Portland. 

[Kimmeridge  day*"] 
Annmoniies  biplex.    Numerous  in  the  bituminous  shale  of  Kimmeridge  Bay,  with 
transparent  sulphate  of  baryta :  sometimes  along  with  an  Ostrea. 

*  ''A  Catalogue  of  the  Organic  Remains  of  the  County  of  Wilts;"  4to,  with  18  plates. 
Warminster,  18dl. 

t  Besides  the  shells  mentioned  above,  two  or  three  other  bivalves,  of  which  the  genera  are 
indistinct,  have  been  found  in  the  Portland  sand,  at  Emmet's  Hill  and  other  places,  in  the  Isle  of 
Purbeck. 

VOL.  lY. — SECOND  SERIES.  2  H 
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AmmaniUi  mutabiUs.   Young. 

Astarte  cuneaia  ?    Id  firm  brown  shale.    Kimmeridge  Bay. 

Panapcea  depressa.    Kimmeridge  Bay  ? 

Ostrea  deUaidea.    East  of  Portland.     Qua.  in  Portland  sand  ? 

Fishes.     Teeth. 

Rays  of  dorsal  fins. 

IWeytnouth  Strata  and  Oxford  OoUte^J] 
Ammonites  circularis.    PI.  XI.  f.  20.     In  reddish  sandy  beds  above  the  pisolite.   Ab- 

botsford. 
Astarte  cuneaia.    In  ferruginous  sandy  stone.    Near  Weymouth  f. 
Belemnitesfusiformis.    North  of  Weymouth. 
Clypeus  clumcularis.  (Smith,  ^^  Strata  Identified" — Coral  Rag,  fig.  6.)    Weymouth ; 

in  oolitic  sand. 
Exogt/ra  nana.    In  whitish  oolitic  stone,  between  Ham  Cliff  and  Osmington.    North 

ofWeymouth. 
Gervillia  axAculoides.    In  the  coarse  grit  between  Ham  Cliff  and  Osmington  Mill. 
Melama  Hedingtonensis.    In  oolitic  sand,  near  Weymouth.    In  reddish  sand-rock, 

above  the  pisolitic  clay,  near  Abbotsford. 
Modiola  bipartita.    In  hard  reddish  clay.    Osmington. 
Ostrea.    A  thick-shelled  species,  near  Abbotsford,  in  oolitic  sand^  at  the  top  of  the 

oolite. 

O .    Species  ?    Between  Ham  Cliff  and  Osmington  Mill. 

Nerinea  Groodhallii.     PI.  XXIII.  f.  12.    Cliff  east  of  Osmington  Mill ;  in  coarse 

rag.    Mr.  Groodhall. 
Pecten  annulatus.    In  sandy  beds,  near  Osmington  ? 
Pullastra}     In  marly  pisolite  at  the  top  of  the  Oxford  oolite,  near  Backwater,  going 

from  Wycke  Church ;  Weymouth. 
Terebratula  inconstans.    Near  to  Osmington,  in  blue  clay.    Boat  Cove. 

T .     New  ?     Oval :  reddish  beds  above  the  pisolite.     Abbotsford. 

Trigania  clavellata.    Abundant  on  the  shore  between  Ham  Cliff  and  Boat  Cove.     In 

ferruginous  sandstone  near  Weymouth,  with  Astarte  cuneaia. 
T  costata,    Osmington. 

Trochus  Sedgvrickii  (olim  T.  reticulatus).    From  the  reddish  beds  above  the  pisolite. 

Near  Abbotsford.    Upper  part  of  the  Coral  rag,  and  lower  of  the  Kimmeridge 

clay.     Near  Weymouth. 

•  As  the  sands  and  clays  of  the  Weymouth  group  pass  insensibly  into  the  Oxford  oolite,  it  is 
difficult,  and  perhaps  unnecessary,  to  distinguish  them  by  a  definite  boundary.  The  fossils 
appear  to  be  the  same. 

t  Most  of  the  specimens  here  referred  to,  from  the  neighbourhood  of  Weymouth,  are  in 
Mr.  Goodhall's  collection. 
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Dbvonshire. 

(118.)  The  coast  on  the  west  of  Portland  as  far  as  Sidmouth  has  been 
described  by  Dr.  Buckland  and  Mr.  De  la  Beche  *  in  these  Transactions ; 
where  also  the  former  has  published  a  map  of  the  coast  between  Teignmooth 
and  Portland,  with  views  from  Sidmouth  to  Here  Head^  and  from  Lyme  Regis 
to  the  vicinity  of  Weymouth  and  Portland  f.  The  coast  of  Devonshire^ 
therefore,  requires  no  additional  illustration ;  and  for  the  local  extent  and 
distribution  of  the  strata  in  the  interior  of  that  county,  it  is  now  in  my  power 
to  refer  to  the  beautiful  Geological  Map  recently  completed  by  Mr.  De  la 
Beche  ;^,  and  to  be  followed  by  an  explanatory  memoir  and  sections. 

As  the  beds  between  the  chalk  and  the  bottom  of  the  lower  green-sand  on 
the  west  of  Purbeck  appear  to  have  coalesced,  and  are  no  longer  marked  by 
the  previous  subdivisions,  the  green-sand  of  Devonshire  may  be  regarded  as 
the  equivalent  of  the  whole  series.  The  lower  green-sand  seems  especially 
to  have  been  reduced  in  bulk,  in  its  progress  westward.  The  gault  has 
wholly  disappeared ;  but  some  of  its  characteristic  fossils  are  found  in  the 
sand  and  grit  of  the  cliffs  on  the  west  of  Lyme.  At  the  bottom  of  the 
sands  the  boundary  is  everywhere  distinct :  and  the  plateau  which  shoots 
out  to  the  west  of  Dorsetshire  is  found  successively  in  apposition  with  the 
lower  oolite,  the  lias,  and  new  red  sandstone  ;  while  its  remotest  portion  rests 
on  grauwacke  slate.  Throughout  the  greatest  part  of  the  tracts  thus  occu- 
pied, the  green-sand  forms  a  flat^topped,  uniform  cap^  investing  the  hills,  as 
far  west  as  Sidmouth  on  the  coast,  and  the  Blackdown  range  on  the  north 
of  that  place,  nearly  to  Wellington ;  and  finally,  it  constitutes  an  exten- 
sive outlier,  from  the  north-west  of  Teignmouth  to  Penhill,  about  six  miles 
south-west  of  Exeter,  which  caps  the  heights  of  Great  and  Little  Haldon, 
and  is  detached  from  the  more  continuous  tract  above  mentioned  by  an 
interval  of  more  than  twelve  miles^  occupied  by  the  new  red  sandstone. 

Several  ioBulated  portions  of  chalk,  however,  still  remain  above  the  eastern  portion  of  the 
green-sand  platform,  especially  upon  the  coast  between  Sidmouth  and  Lyme,  and  along  the  line 
from  Beaminster  through  Chard  and  White  Stanton.  The  transition  from  the  chalk  to  the  sands 
is  well  seen  at  some  of  the  junctions,  especially  on  the  south-west  of  Axmouth,  where  the  strata 


*  See  their  joint  memoir  at  the  commencement  of  the  present  volume ;   Geol.  Trans.,  2nd 
Series,  vol.  i.  p.  40,  &c. :  and  a  separate  paper  by  Mr.  Dela  Beche,  vol.  ii.  p.  109,  &c. 

t  Ibid.,  vol.  i.  p.  95,  &c. 

%  "  Ordnance  Geological  Map  of  Devon,  and  df  portions  of  Cornwall  and  Somerset,  by  H.  T. 
**  De  la  Beche,  Esq.,"  in  eight  coloured  sheets. 
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rise  a  litde  towards  the  north  from  the  point  of  Bere  Head^  so  that  sections  of  the  subjacent 
beds  are  exposed  in  the  clifi  on  both  sides  of  that  promontory.  The  beds  immediately  below  the 
chalk  are  best  seen  on  the  shore  towards  Branscombe,  and  have  been  described  by  Mr.  De 
la  Beche,  who  has  also  mentioned  the  quarries  near  that  place,  from  which  stone  corresponding 
in  situation  to  the  firestone  of  Surrey  is  extracted  *• 
The  section  at  WkUeeUff^  on  the  east  of  Bere  Head  and  of  the  village  of  Bere,  is  thus : 

Feet 

1 .  Chalk :  white  at  top,  yellowish  below ;  very  sandy,  containing  throughout  numerous  ' 
small  nodules  of  flints,  both  in  bands  and  irregularly  disseminated, — more  numerous  at 
top.     Vermetus  is  a  frequent  fossil  here 

[At  the  bottom  is  a  course  of  very  sandy  chalk,  including  concretions  or  lumps  of 
greater  firmness,  produced  apparently  by  the  unequal  diffusion  of  the  sih'ceous  matter.] 

Total,  60  or  70  feet.  . 

2.  Yellowish  grit,  with  green  stripes • • 10  to  12 

3.  A  conglomerate  of  lumpy  concretions,  and  apparently  of  fragments  also,  of  hard  matter ;  1     . 
with  green  particles  between  the  lumps.    Petrifactions  numerous About  / 

4.  Beds  of  chert ;  both  continuous  and  in  irregular  concretions,  alternating  with  bands  of  1  .^ 
siliceous  gprit ;  from  3  or  4  feet  down  to  a  few  inches  in  thickness  ....  Total,  about  40  or  j 

5.  Bluish  green  and  gprey  sand,  with  bands  of  more  soh'd  texture,  increasing  gradually  in  1  ^ 
number  towards  the  bottom About  30  to  j 

6.  Bluish  moist  sand,  in  some  places  almost  black,  aboimding  in  petrifactions,  and  becoming 
darker  in  colour  downwards,  the  hue  apparently  depending  on  the  degree  of  moisture. 
This  bed  contains  Gryphites,  traces  of  large  Ammonites,  Vermetus,  and  numerous  stems  of 

Siphonia •  • About  50  or  60  feet.  V  60 

[This  darkly  coloured  sand  contains  at  the  lower  part  large  nodules,  consisting  of 
gpreenidi  grit,  in  courses  from  3  to  6  feet  apart.  The  stratum  is  in  immediate  contact 
with  the  red  marl.     Springs  come  out  at  the  junction.] 

7.  Red  marl.  At  the  top  containing  gypsum  in  nests ;  throughout  including  spots  and 
patches  of  a  light  greenish  grey,  and  alternating  with  beds,  of  irregular  thickness,  of  the 
same  hue.     ("  Bunter  sandstein  "?) 

I  have  inserted  the  preceding  h'st  from  notes  taken  during  the  summer  of  1825,  as  its  coinci- 
dence with  that  since  published  by  De  la  Beche,  shows  the  correctness  of  both.  It  will  be 
evident,,  upon  comparing  these  lists  with  each  other,  and  with  that  of  the  sands  near  Lyme,  that 
the  group  which  here  succeeds  the  chalk  is  the  equivalent  of  the  Upper  green-sand  ;  the  local 
variations  in  this  formation  on  the  Devonshire  coast  not  being  greater  than  those  of  the  range 
which  extends  from  Folkstone  into  Surrey;* in  the  course  of  which  the  Upper  green-sand  is 
in  soihe  places  almost  wholly  wanting,  while  in  others  it  acquires  great  thickness,  and  oden 
contains  beds  almost  suddenly  developed,  no  trace  of  which  is  to  be  found  in  the  intermediate 
spaces.  The  grizzle  of  Sutton  quarry,  and  the  Beer-stonef  are  varieties  of  the  siliciferous 
stone  on  the  confines  of  the  chalk  and  Upper  green-sand,  which  under  various  denominations, 
"  Fire-stone",  "  Tottemhoe-stone  ",  &c.,  occurs  very  generally  in  that  part  of  the  series,  and  is 
everywhere  in  request  for  building.  The  total  absence  of  blue  clay  is  remarkable  in  the  section 
at  Bere.  The  place  where  it  might  have  been  expected  is  immediately  beneath  the  cherty  groups 
of  Mr.  De  la  Beche's  figures  1  and  2 1 ;  and  if  the  gault  were  added  to  those  sections,  estimating 


*  In  a  large  pit  or  quarry  at  the  bottom  of  the  chalk,  near  Sutton  and  Widworthy,  a  stone, 
called  Grizzle  by  the  quarry-men,  is  dug  in  the  situation  of  the  firestone.  The  beds  are  altogether 
about  5  feet  in  thickness.  It  contains  green  particles,  and  does  not  burn  to  lime.  Among  its 
fossils  is  Catillus  Cuvieri. 

t  Geol.  Trans.,  2nd  Series,  vol.  ii.  pi.  16. 
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its  thickness  only  at  100  feejt|  the  total  thickness  of  the  whole  of  the  green-sand  group  would  not 
be  more  than  dOO  feet :  the  actual  tliickness  of  the  sands  being  nearly  ISOO  feet  at  Lyme  R^^ ; 
and  at  WhiteeUff,  according  to  my  own  measurement  (it  is  not  stated  by  Mr.  De  la  Beche), 
about  160.  The  beds  below  this  cherty  group  represent  Mr.  De  la  Beche's  **  Fox  mould  "  (No.  6. 
of  the  above  list) ;  and  are  apparently  the  equivalent  of  the  upper  and  more  ferruginous  group 
of  the  lower  green-sand  :  the  lower,  moist,  and  dark-coloured  sands,  with  the  "cowstones"  at 
the  bottom,  being  probably  the  equivalent  of  the  middle,  dark,  cohesive  sand  of  Sandgate  (24.), 
Shanklin  (192.),  and  Black-gang  Chine  (195.);— the  ''cowstones"  representing  the  calcareous 
group  of  Hy the,  &c.  This  occurrence  of  nodules  dispersed  in  sand  is  frequent  wherever  calcareous 
strata  are  near  their  termination ;  as  in  the  cases  of  the  Portland  stone,  the  lower  oolite,  &c. 

I  have  stated  these  resemblances  that  the  whole  case  may  be  before  the  reader :  but  in  the  vale 
of  Wardour, — where  the  distinct  occurrence  of  a  bed  of  blue  clay  with  the  characteristic  fossils 
of  the  gault,  leaves  no  doubt  as  to  the  place  where  the  sands  are  divided, — the  inferior  beds 
of  the  Upper  green-sand  acquire  a  character  very  like  that  of  the  Lower  in  other  places ;  and 
the  latter  is  either  wholly  wanting,  or  very  imperfectly  represented. 

(119.)  Blackdovm  Hills. — In  approaching;  the  hills  of  green-sand^  their 
aspect  on  every  side  is  the  same^  precisely  resembling  that  of  the  long  flat- 
topped  ranges  of  this  formation^  and  of  the  Bagshot  sands^  in  Kent^  Surrey^ 
and  Hampshire.  The  surface  is  barren^  and  the  chief  products^  at  present, 
seem  to  be  furze  and  heath  ;  though  in  former  times,  it  is  reported,  extensive 
woods  were  here.  1  ascended  first  from  Wellington  on  the  north  of  the 
Blackdown  Hills,  and  found  red  marl  for  more  than  two  thirds  of  the  height, 
so  nearly  resembling  some  of  the  sandy  and  variegated  clays  of  the  Wealden, 
especially  of  the  Hastings  sands,  that  but  for  the  presence  of  sulphate  of 
lime  in  crystalline  nests,  it  would  be  diflScult  to  distinguish  them ;  while  the 
greenish  varieties  of  the  marl  also  very  much  resemble  some  of  the  beds  above 
the  chalk  in  the  Isle  of  Wight.  From  Beacon  Hill,  on  the  south-west  of 
Wellington,  the  uniform  level  of  the  summits  is  very  striking,  the  eye  being 
carried  over  the  whole  range  without  interruption,  and  the  ravines  quite  lost 
sight  of.  The  absence  of  the  remains  of  chalk  from  the  debris  on  the  top  of 
these  hills  is  remarkable  :  I  searched  long,  but  did  not  see  a  single  fragment 
of  flint,  all  those  which  I  could  find  being  chert,  easily  distinguishable  from 
chalk  flints.  In  the  yellowish  sand  near  the  surface,  at  the  Barnscombe  side 
of  the  hill,  brown  iron  ore  is  found,  in  polished  fragments  of  very  high  lustre, 
resembling  those  of  the  lower  green-sand  at  Sandown  Bay  in  the  Isle  of 
Wight  (1200  ;  p.  188.),  of  Surrey  (59.),  and  Western  Sussex. 

Although  the  strata  forming  these  hills  are  in  a  general  view  continuous,  the  whole  country  is 
divided  hy  fissures,  attended  in  some  cases  with  considerable  dislocation ;  for  an  account  of 
which  I  refer  to  Mr.  De  la  Beche's  Map  of  Devonshire,  and  his  essays  on  Theoretical  Geology*. 


*  "  Researches  in  Theoretical  Geology,"  18S4,  p.  185,  &c. 
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Three  nearly  parallel  lines  of  fault,  running  about  north  and  sonth,  are  especially  remarkable  in 
Mr.  De  la  Beche's  Map ;  one  on  the  east  of  the  county,  passes  from  about  a  mile  north  of 
Combe  Beacon,  through  the  hill  which  bears  that  name,  along  the  valley  of  Wambrook,  and  the 
streamlet  west  of  Chardstock,  across  the  Axe,  to  a  point  about  two  miles  east  of  Axmlnster ;  the 
total  extent  to  which  it  has  been  traced  being  about  ten  miles.  A  second  fault  extends  from 
Balay  Down  on  the  north  of  Challenge,  through  Membury,  to  the  bed  of  the  Yart  south  of 
Yetlands;  the  lias  being  thrown  up  into  immediate  apposition  with  the  green*sand  through  a 
great  part  of  its  course,  as  is  also  the  case  in  the  preceding  fault  near  Wambrook.  A  third  and 
shorter  fissure,  about  three  miles  in  extent,  reaches  from  the  north  of  Wilmington  to  Stockers, 
about  two  miles  south  of  Widworthy,  crossmg  the  main  London  and  Exeter  road,  and  skirtii^  the 
eastern  slope  of  an  outlying  hill  of  chalk  on  the  south  of  that  village. 

(ISO.)  The  hills  which  have  furnished  the  greater  number  of  the  Black- 
down  fossils  form  the  western  range  of  the  group  between  Honiton  and 
Wellington^  about  six  miles  to  the  south  of  Beacon  Hill  above  mentioned. 
Their  escarpment^  between  Punchey  Down  on  the  north,  and  Upcot  Pen  on 
the  south,  is  distinguishable  at  a  great  distance  by  the  white  line  produced 
by  the  refuse  thrown  down  from  the  openings  of  the  sithe-stone  pits ;  the 
heaps  thus  formed  constituting  an  almost  continuous  horizontal  stripe  in 
the  face  of  the  hill. 

The  whole  thickness  of  the  sandy  strata  above  the  red  marl  in  this  part  of 
the  country,  seems  to  be  about  100  feet.  The  contrast  between  the  barren- 
ness of  the  upper  sands,  and  the  comparative  fertility  of  the  marl  beneath,  is 
everywhere  very  conspicuous ;  and  it  would  seem  from  the  unequal  ascent  of 
the  hedge-rows  and  cultivated  ground  that  the  surface  of  the  marl  is  very 
uneven. 

The  strata  which  afford  the  whetstones  are  ahout  80  feet  below  the  top  of  the  hill,  to  which 
they  are  parallel.  The  mines  (or  "  pits  *'  as  they  are  called)  are  driven  in  direct  lines  into 
the  hill,  almost  horizontally,  and  in  some  cases  to  considerable  distances.  The  stony  masses 
from  which  the  sithe-stones  are  cut,  are  concretions  of  very  irregular  figure,  imbedded  in  looser 
sand,  nearly  resembling  those  which  occur  in  the  upper  division  of  the  Lower  green-sand  near 
Sandgate  (21.)*  ^^^  though  very  irregular  in  shape,  marks  of  the  stratification  of  the  sand  can 
be  traced  on  their  outside.  The  masses  of  which  the  sithe-stones  are  made,  vary  from  6  to 
about  18  inches  in  diameter,  and  the  beds  which  afford  them  would  form  a  total  thickness  of  about 
7  feet,  of  which  about  4  are  fit  for  that  purpose  ;  the  looser  stone  at  the  top  and  bottom  being 
employed  for  building. 

The  following  is  a  sectional  list  of  the  beds  in  one  of  the  principal  sithe-stone  pits  at  Punchey 
Down,  which,  I  was  informed,  was  a  fair  representative  of  the  whole : 

Ft.  In.         Ft.  In. 

1 .  Reddish  sand  rock,  extending  upwards  to  the  top  of  the  hill. 

2.  *^  Fine  vein**.     Concretions  of  firmer  consistence;    the  best  for  sithe-stones.  "j 

[Shells  are  found  in  all  the  strata  here,  but  abound  remarkably  in  this  one,  i-O     2    to   1     0 
and  in  the  "  rock "  beneath  it] J 

3.  "  Top  sand  rock" ;  sand  with  irregular  concretions  ;   of  no  use 3     0   to  4     0 
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ft.   In.        Ft  In. 

4.  **  Glitters*' ;  concretions  of  stone  in  4  or  5  courses,  in  the  sand.    This  bed  is  1  «    a  to  5     0 
that  most  commonly  used  for  sithe-stones  •  •  • .  • • J 

5.  *'  Burrows";  stone  and  sand  of  the  same  kind,  but  used  only  for  building  •  •      St     0  to  3     0 

6.  "j9o<(om«tone";  a  range  of  concretions,  affording  excellent  sithe-stones....      0    2   to  0     6 
[These  concretions  sometimes  extend  downwards,  even  to  5  feet,  in  the  sand.] 

7.  "  Rock  sand** ;  chiefly  sand,  with  fewer  concretions ;  of  no  use  .•....••..  4     0 

8.  "  ^1^  edit";  concretions  which  aflTord  excellent  sithe-stones 0     2  to  0     6 

The  strata  below  are  not  known  to  the  workmen*  The  total  thickness,  therefore,  of  the  strata 
which  furnish  the  material  for  sithe-stones,  including  the  rejected  sand  and  rubbish,  is  from  12 
to  18  feet ;  the  whole  of  which  is  removed  in  cutting  the  drifts  or  galleries. 

Sithe'Siones, — As  the  manufacture  of  these  stones  occupies  a  great  number  of  the  inhabitants 
of  the  country,  and  is  of  some  commercial  importance,  a  large  proportion  of  the  whole  quan- 
tity used  in  England  being  supplied  from  the  Blackdown  pits*,  I  shall  here  describe  the  method 
of  preparing  them. 

The  sithe-stone  men  take  from  the  owners  of  the  soil  the  privilege  of  digging  for  stones, 
leaving  40  yards  on  each  side  between  the  drifts  (or  "  pits  "  as  they  are  called).  There  is  no 
limitation  as  to  depth,  and  the  drifts  are  coitimonly  pushed  to  about  300  yards  inwards,  gpreater 
distances  not  repaying  the  labour  of  bringing  out  the  sand.  When  first  taken  out,  the  stone  is 
greenish  and  moist,  and  can  be  cut  or  chopped  with  ease.  The  tools  employed  are  a  sort  of  axe 
or  adze  with  a  short  handle  (fig.  2.),  called  a  "  basing-hammer ",  which  is  ground  to  a  sharp 

edge.     These  are  made  at  the  adjacent  vUlage  of  Kentisbere.  I ^ 

The  other  tools  are  **  picks ",  without  any  peculiarity  of  struc-    ^SSSSSSSSBSSSZSsl         ) 
ture,  and  *'hollowing-8hovels"  (fig.  1.),  for  digging  the  masses  L—.^ 

of  atone  out  of  the  sand. 

For  the  purpose  of  cutting  the  stones,  a  vertical  post  of  wood, 
or  ''anvil",  is  so  fixed  in  the  ground  as  to  stand  between  the 
knees  of  the  workman,  who  sits  upon  a  sort  of  bench  built  of 
stone#  with  some  strong  pieces  of  old  leather  attached  as  a  de- 
fence to  his  left  knee.  He  first,  with  the  edge  of  his  "  basing- 
hanomer ",  splits  from  the  blocks,  upon  his  knee,  long  portions  ,^  ,  ,  ^  ^  ,  ,    , 


lf^'/1\ 


approachiog  to  the  shape  of  the  sithe-stones  f ;  and  then  cuts  or  12  inche* 

chops  them  down,  nearly  to  the  required  size,  upon  the  anvil  and  his  knee, — just  as  a  carpenter 
cuts  timber  with  an  adze.  After  being  thus  rudely  shaped,  the  stones  are  ''hewn''  to  the  proper 
dimensions  with  a  larger  "  hammer",  and  then  rubbed  down  with  water  by  women,  on  a  large 
stone  of  the  same  kind ;  and  when  dried  they  are  fit  for  sale. 

The  stones  when  finished  vary  from  about  ten  to  twelve  inches  in  length ;  some  have  the 
shape  of  a  portion  of  an  almond,  with  the  ends  and  sides  cut  square,  and  about  2  inches  by  1^ 
in  thickness;  others  are  almost  cylindrical,  but  smaller  at  each  end,  with  the  sides  a  little 
curved ;  the  diameter  in  the  middle  about  2  inches. 


*  Sithe-stones  are  also  manufactured  in  gpreat  numbers  in  Derbyshire  from  the  sandstone  of 
the  coal  formation.     (Farcy's  Derbyshire  :  8vo,  1815 ;  p.  487-8.) 

t  The  masses  of  stone,  I  believe,  split  best  in  the  direction  of  the  lines  of  stratification  of  the 
sand. 
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A  good  workman  can  cut  out  of  the  blocks  about  seven  dozen  of  the  stones  per  day  *•  They 
are  sold  by  the  makers  chiefly  to  one  merchant  at  Honiton,  who  supplies  the  retail  dealers.  The 
prices  (in  lSit5)  varied,  from  Zs.  per  dozen,  fbr  the  finest  stones,  11  to  12  inches  long,  down  to 
Sd.  a  dozen  for  the  coarsest,  10  inches  in  length. 

(ISl.)  Between  the  sand  and  the  red  marl  beneath  it^  I  did  not  observe 
any  perceptible  valley^  nor  any  indications  of  an  intermediate  bed  of  clay. 

In  a  lane  at  Standhill,  between  Wellington  and  Bryants,  about  half  a  mile  from  the  latter  place, 
the  strata  were  thus ;  belonging  to  what  is,  here,  the  upper  part  of  the  new  red  sandstone. 

Fl  In. 

1.  Dusky  red  clay,  or  marl,  adhering  to  the  tongue    2    0 

2.  Light  gpreenish  clay,  with  glittering  particles  (mica) about     1     0 

3.  A  band  of  gpreenish  sandy  clay,  in  part  concreted  and  sparry,  irregular  in  thickness  •  •     0     9 

4.  Greenish  clay,  like  No.  2 about    2    0 

5.  Reddish  day,  like  No.  1.,  in  part  concealed  at  the  bottom.  • < .  •  •  • 

These  beds  are  scarcely  distinguishable  from  those  at  the  top  of  the  Hastings  strata,  at  the  back 

of  the  Isle  of  Wight. 

At  Kentisbere,  about  1|  mile  west  of  the  escarpment  of  the  hills  which  contain  the  stone  pits, 
the  strata  of  red  marl  appeared  to  dip  to  the  south-east.  They  consist  of  coarse  gravel  and  con- 
glomerate of  a  dull  red  hue,  under  firm,  red,  marly  sand :  and  here  there  is  a  distinct  alternation 
of  yellow  sand  with  the  red  marl,  the  former  appearing  below  the  marl  in  thick  stony  beds  at 
least  50  feet  thick.     A  rough  section  at  this  place  is  given  in  Plate  X.  a.  No.  12. 

(122.)  Fossils. — ^The  great  numbers  and  variety  of  the  Blackdown  fossils 
may  be  ascribed  in  part  to  the  extent  of  the  quarries^  which  have  been 
dug  for  sithe-stones  during  a  long  series  of  years ;  but  the  beds  themselves 
must  be  more  than  commonly  fertile  in  these  productions^  since  the  entire 
thickness  of  those  from  which  almost  all  the  specimens  have  been  obtained, 
does  not  exceed  twenty  feet.  Their  beautiful  preservation  arises^  in  some 
measure^  from  the  loose  sandy  character  of  the  matrix  in  which  they 
are  imbedded^  and  from  which  they  are  easily  detached  :  but  the  compo- 
sition of  the  fossils  themselves  has  also  contributed  to  this  effect ;  for^  with 
very  few  exceptions^  the  shells  are  converted   into   chalcedony^   and  the 

*  Mr.  Meade,  of  Chatley  near  Bath,  has  favoured  me  with  the  perusal  of  a  letter  from  the 
Rev.  Mr.  Steinhauer,  dated  in  1813,  in  which,  after  an  account  of  the  whetstone  pits  at  Black- 
down,  it  is  stated  that  the  preparation  of  the  sithe-stones  is  so  injurious  to  the  health  of  the  work- 
men, that  in  the  little  village  of  Punchey  Down,  which  is  inhabited  exclusively  by  the  stone-cutters, 
the  writer  saw  but  one  elderly  person,  and  was  informed  that  few  reached  the  age  of  forty.  The 
complexion  and  figure  of  the  greater  number  he  describes  as  striking  and  interesting  in  a  high 
degree  ;  but  it  was  the  hectic  aspect,  and  itself  a  proof  of  disease.  When  I  visited  the  place  about 
twelve  years  afterwards,  I  did  not  meet  with  anything  that  called  my  attention  to  the  health 
of  the  quarry-men :  but  the  facts  described  by  Mr.  Steinhauer  are  analogous  to  those  which  prove 
the  frequency  of  consumption  among  the  grinders  of  needles,  and  the  workmen  at  some  other 
trades,  where  minute  particles  of  solid  matter  are  diffused  in  the  air,  and  taken  into  the  lungs. 
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whole  of  their  calcareous  matter  has  disappeared*.  This  is  the  more 
remarkable^  as  in  many  other  places^  indeed  generally^  the  fossils  of  the 
g^reen-sands  consist  of  carbonate  of  lime ;  the  absence  of  which^  however, 
is  prevalent  throughout  the  sand  of  the  Blackdown  Hills^  which  seldom 
effervesces  with  acids ;  and  to  this  circumstance^  probably^  the  excellence 
of  the  concretions  which  they  contain^  as  a  material  for  whetstones,  is  to  be 
attributed. 

A  very  extensive  collection  of  fossils  from  the  Blackdown  pits  was  formed 
by  the  late  Mr.  Miller^  of  the  Bristol  Institution ;  and  is  now  in  the  museum 
of  that  establishment.  The  Managers  were  so  good^  at  my  request^  as  to  allow 
the  whole  of  this  valuable  collection  to  be  sent  to  London^  where  it  was 
examined  by  Mr.  Sowerby^  by  whom  the  subjoined  list^  and  the  annexed 
plates^  have  been  prepared:  and  I  have  great  pleasure  in  expressing  my 
obligation  for  this  mark  of  their  confidence  and  favour. 


(123.)  List  of  Fossils  from  the  Sands  of  Blackdown,  and  of  some  other 

places  in  DsroNSHjRE^. 


Ammotnies  auritus.  M. 

A —  denarius.  A  thin  crust  of  hydro- 
phanous  chalcedony,  over  spongy  sili- 
ceous stone.    M.,  Min.Con.,  F. 

A —  dentatus.    M. 

A — Jalcaius.  M. 

^—  GoodhaUii.  Blackdown.  M.,F.,Min. 
Con.    Near  Lyme.  D. 

A —  Hippocastanum.  Dowlands  cliff, 
near  Lyme.  Min.  Con. 

A —  lautus.  M. 

A —  splendens.  Pinbay,  in  hard  green 
sparry  stone.  F. 

^— triserialis.  PI.  XVIIL  f.  27.  Mr. 
Sowerby's  museum. 

A —  iuberculatus.  M. 


Ammonites  varians.    A  gibbose  variety. 

M.     Pinhay.  F. 
-^—  varicosus.    M.,  F. 
A —  Another   species,    probably   new. 

M. 
^iit|7Af(/e5i7uitenuistriatam.  M.  Pl.XVI. 

f.7. 
Area  rotundata.  M.    PI.  XVII.  f.  8. 
^«^act<5,  Portions  of.  Pinhay.  MissAn- 

ning.  Near  Lyme.  D. 
Astarte  concinna.    PI.  XVI.  f.  15.     M. 

Mr.  Sowerby's  museum  :  D« 
A —  cuneata.    F. 

A—  formosa.    M.    PI.  XVI.  f.  16. 
A—  impolita.  M.    PI.  XVI.  f.  18. 
A —  lineata.  F. 


•  See  Conybeare  ;  "Outlines/'  &c.,  p.  128. 

^  All  the  Fossils  in  this  list  are  from  the  Whetstone  Pits  at  Blackdonm^  except  those  to  which  a 
different  locality  is  assigned :  and  all  the  specimens  from  the  Blackdown  pits,  where  a  different 
composition  is  not  mentioned,  are  casts  in  chalcedony. 

The  letter  M.  denotes  that  the  specimen  is  from  the  collection  of  the  late  Mr.  Miller,  now  in 
the  museum  of  the  Institution  at  Bristol :  Min.  Con.  refers  to  Mineral  Conchology :  D.  to  a  paper 
of  De  la  Beche,  on  the  chalk  and  sands  in  the  vicinity  of  Lyme  Regis  and  Bere;  Geol.  Trans. 
2Dd  Series,  vol.  ii.  p.  109  et  seq. :  F.  to  the  Author's  Collection. 
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jtiiarte  itriaia.  M»  B[in.Con* 
J[—  mnltiatriata.  M.  PL  XVI.  f.  17. 
Awrieulal mtroiMata.  M.,F.  Min.Con. 
jf  —  ?  Two  species,  not  figured.  F. 
AvunUa  anomala.  M.    PL  XVII.  f.  18. 
Cardmm  Htitamtm.    F.|  M.,  and  Bfin* 

CSon. 
C^^  probatcidann.    M.    Min.  Con. 
Cbftefa  tnincata.  M.    PL  XVI.  f.  8. 
C^  elegatu.  F^  M.,  Blin.  Con. 
C^  pgamietu  M^  Bfin.  Con. 
Uedgata.  Bfin^  Con. 

-•   Two  other  spedes,  probably  new. 

M. 

CMuOma  cofinata.  M.  In  red  jasper, 
like  stone.  Bfin.  Con. 

eaiielbOa,  M.,  F.    Min.  Con.  Col  - 
lumpton,  Devon :  near  L^m^  D. 
deeussata.    Pinhay  or  Beirt?     F«| 
[in.  Con. 

C^--Jtbrasa.  M^  F.  The  sand«rock  of 
this  specimen  is  very  like  that  of  Ris- 
borough,  near  Hythe.  In  red  jasper- 
like  stone  or  chalcedony.  Min.  Con. 

(^glabra.  Pinhay.  In  firm  sparry  grit. 
M.,  Min.  Con.   Near  Lyme.  D. 

C-  formosa.  M.    PL  XVII.  f  7. 

Cyprina  angulata.  (  Venus angulata.  Min. 
Con.)  The  shell  about  one  third  filled 
with  chalcedony,  as  with  a  liqnid.  In 
some  specimens  the  shell,  the  place 
of  which  is  now  occupied  by  chal- 
cedony, had  been  bored  through,  as 
represented  in  the  Plate :  in  others 
the  shell  is  covered  by  a  ihin  outer 
crust  of  chalcedony,  opake  and  hydro* 
phanous ;  and  the  cavity  is  nearly  full 
of  very  fine  siliceous  sand,  over  which 
in  some  places  is  a  thin  crust  of  flat 
botryoidal  translucent  chalcedony.  M. 
Teignmouth.  Min.  Con. 

cuneata.  M.  PI.  XVI.  f.  19.  Drawn 
from  a  specimen  in  Mr.  Goodhall's 
collection. 


CSKprMrostrata.  M.  PL  XVII.  f.  1. 

Oj^ierea  eaperata.  (Yetm$.  Min.  Con.) 
M.,  F.  Variation  in  the  depth  of  strias. 
Min.Con.Blackdown,and  near  Lyme. 

C'^  Uneolaia.  {Venus.  Min.  Con.)  M., 
Min.  Con.  Berehead.  F. 

C^parva.  (  Venus.  Min.  Con.)  M., 
Con.  Pinhay?  F. 

C—  plana.  (  Vams.  Qlin.  CpnO  M., 
Con.  Pinhay  ?  F. 

C—  subrotunda.  M.  PL  XVII.  f.  2. 

DetOaUum  eylindricum.  NearExmoutb. 
Min.  Con. 
etUpHcum.    F. 

medUm  Pl.XVIIL  f.  4.  M.,  Min. 
Con. 

JEcAmtff,  portion  of  an.  Bere:  In  white 
calcareous  sandstone.  F. 

Exogyra  cornea.  {Chama^  Min.Con.)  M., 
F.  Ware,  west  of  Lyme  Regis.  Pin- 
hay.   Bere.    F. 

(mica :  var.  Ridge  high  and  sharp. 
Berehead.  F. 

alyotoidea}  (Chama^  Min.  Con.) 
Blackdown.  F. 

isvigata.  (Chamoy  Min.  Con.)  Low- 
est part  of  the  green-sand  at  Bere- 
head: In  soft  agglutinated  sand, 
abounding  in  green  particles.  F. 

E —  undata.  {Chamoy  Min.  Con.)  M. 
and  Min.  Con. 

Fusus  clathratus.  M.    PI.  XVIII.  f.  10. 

jP—  quadratus.  {MureXy  Min.  Con.)  M. 
PL  XVIII.  f.  17. 

J1-.  rusticus.  M.    PL  XVIIL  f.  18. 

F—  rigidus.  M.    PL  XVIII.  f.  16. 

^—  another  species  ?  M. 

GerviUia  aviculoides.  M.  Lyme.  Mid. 
Con.,  F. 

G —  solenoides.  Min.  Con. 

Grt/phasa  canaliculata.  (ChamOy  Min. 
Con.)  M.  Outer  surface  calcareous 
and  effervescent,  chalcedony  within. 
F. 


ChaUc. 
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Chryphma  canaUcukaa :  a  broad  variety* 
In  yellowish  effenrescent  sand,  with 
green  particles.  F. 

G —  vesiculosa.    Berehead  ?  M* 

HamUes  spinuhsus.  M. 

Inoceramus  cancentricus.  M.  In  iridescent 
chalcedony :  Pinhay.  In  green  hard 
stone.    Min*  Con.,  F.    Near  Lyme. 

D. 

/-^  grypJuRoides.  M.  Near  Lyme  Regis : 
In  concretional  masses  of  hard  green- 
ish grit,  including  very  small  scales  of 
mica,  and  some  minute  black  specks, 
under  Dowland's  Cliff.  Miss  Anning; 
and  F. 

I-^sukaius.    Berehead.  M. 

Isocardia  i    F. 

lAtna  semisulcata.  {Plagiostama  semi' 
sulcatum.  Nelson.)  M.  PLXI.£10. 

L—l  subaoaUs.  M.     PI.  XVII.  f.  ai. 

IMtorina  pnngens.  M.  PI.  XYIII.  f.  5« 

L—  graciUs.  M.  PI.  XVIII.  f.  12. 

lAicina  ?  orbicularis.  M.   PL  XVI.  f.l3. 

Xr—  Pisum.  M.    PI.  XVL  f.  14. 

Lutraria  striata.  Pinhay  near  Lyme. 
Min.  Con. 

Mactra  angulata.  M.    PI.  XVI.  f.  0. 

Modiola  reversa.  M.    PL  XVIL  £  13. 

Murex  Calcar.  M.,  F.  In  iridescent  chal- 
cedony.  Min.  Con. 

Jtf-^  quadratus.  (See  Fusus.) 

Mya  Isviuscuia.  M.    PI.  XVI.  f.  6. 

3/-*  mandibula.  Pinhay  Cliff.  In  firm 
green  micaceous  sparry  grit.    F. 

JIf-—  plicata.    (See  Panopcea.) 

Mytilus  insqnivalvis.  M.  Pl.XVII. 
f.  16. 

M —  lanceolatus.  Min.  Con. 

M — prsloDgus.   PL  XVII.  f.  15. 

M—  tridens.  M.    PL  XVIL  f.  14. 

Nassa  costellata.  M.  ?  PL  XVIII.  f.  26. 

N—  lineata.  M.    PL  XVIIL  f.  25. 

Natica  (Parkinson,  Greol.  Trans.).  F. 

iV—  ?  carinata.  M.    PL  XVIIL  f.  8. 


iVTo^icii  granosa.  M.    PL  XVIIL  f.  7. 
iV— -  canaliculata.     {AmpuHaria^  GeoL 

Suss.)    M.    PL  XVIIL  f.  6. 
Nautilus  ekgans.    M.    Also  in  the  sand 

near  Lyme  Regis.  D. 
Nucula  angulata^  M.,  F.,  Min.  Con. 
N—  antiquaia.  M.,  F.,  Min.  Con. 
JV— apiculata.  F.  PL  XVII.  f.  10. 
N —  impressa.  M.,  F.,  Min.  Con. 
-Y—  lineata.  M.    PL  XVIL  f.  9. 
JV— obtusa.  M.    PL  XVIL  f.  U. 
N — peciinata.  Pinhay.  In  hard  greenish 

stone.  F. 
Ostrea  carinata.M,  Near  Lyme  Regis.  D. 
O —  macroptera.    Berehead.  F. 
Panopcea  ovalis.  M.    PL  XVI.  f.  5. 
P —  plicata.  {Myaj  Min.  Con.)  Bf.  Pin- 
hay. F. 
Pec^eit  Stutchburiensis.  M.  PL  XVIIL 

f.l. 
P — asper.  M. 

P—  compositus.  M.    PL  XVII.  f.  20. 
P—  MiUeriu  M.    PL  XVIL  f.  19, 
P — orbicularis.  M.    Pinhay.  F. 
P —  quadricosiatus.  M.    A  cast  in  grey 

chalcedonous  chert  F.  HaldonHill, 

Devon.  Min.  Con. 
P — quinquecosUUus.    Pinhay.  F. 
P — ^  (new.)    Bere.  F. 
Pectunculus  umbonatus.  Blackdown.  F. 

Haldon,  Devon.  Min.  Con. 
P — sublasvis.  Min.  Con. 
Pema  rostrata.  M.    PL  XVII.  f.  17. 
Petricola  canaliculata.  M.  PL  XVI.  f.  1 1. 
P—  nuciformis.  M.    PL  XVI.  f.  10. 
PhasianeUa  pusiUa.  M.  PL  XVIIL  £  13. 
P—  formosa.  M.  PL  XVIIL  f.  14. 
P—  striata.  M.    PL  XVIIL  t  1 5. 
Pholas  prisca.  M.     In  silicified  wood. 

The  shell  is  chalcedony. 
Pinna  tttragona.  M.,  Min.  Con* 
Podopsis  siriatus.  M.,  F.     Eflfervesces. 
PoUicipes  Isvis.  M.  PL  XVL  f.  1.  (See 

also  PL  XI.  I  5.) 
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Psammobiai  gradlis.  M.  Pl.XVI.  fig.  U. 

Pyrula  Brightii.   F.    PI.  XVIII  f.». 

P—  depressa.  M.    PL  XVIII.  f.  5W. 

RoHellaria  cakaraku  M.,  Min.  Con. 

JR—  macroBtoma.  M.  PI.  XVIII.  f.  23. 

J2—  Parkbwmiu  BL,  Min.  Con.,  F.,  PI. 
XVIII.  f.  24. 

JR—  retusa.  M.    PL  XVIIL  £  2«. 

R —    Another  new  species.  F. 

lapulchia.  M.  PJ.  XVIIL  f.  11. 
mla  ampuBaceai  M. 
oMiquakL.  M.  Pinhay.  Calcareous. 

S—carinetla.  M.    Min.  Con. 

S—  filiformis.  M.    PL  XVI.  f.  2. 

S—pkxusi  M.  Efiervescent. 

S-tuba.   M.    PLXVI.  f.  3. 

S— ▼ermes.  PLXVI.F.f.  4. 

Siphonia  pjfrijbrmis    (Goldfuss).     PL 
XV.  II. 

Solarium  conoideum.     {Cirrus  pUcaiut^ 
M.  C.)  M. 

SpaiamgusBufi.  (Goldfuss,  PL  XLVIL 
f.7.)  M. 

S —    Portion  of  another  species,  proba- 
bly new.  M. 

TelUnatnmquaUt.    Pinhay;  M.   Black* 
down ;  Min.  Con. 

T—striatula.   M.   Pinbay;  F.  Black- 
down  ;  Min.  Con. 

Terebratula  biplicaia.  M.,  F.  Calcareous. 

T—  dilatata.  M.  PL  XVIII.  f.  2. 

2^_  dimidiata.    Haldon,  Devon. ;   Min. 
Con. 

T-^  hUissima.    (T.  2ato,  Min.  Con.)  M. 

T—  megastrema.    M.  PL  XVIII.  f.  3. 

T—  PUum.  M.,  Min.  Con. 

T — striatula.  M. 

T—Lyra.  M. 

Thetis  major.  Blackdown.  M.  Berehead ; 
Min.  Con.,  F. 


ThtUimimor.  Large.  A  castin  firm  sparry 
grit.  Pinhay,  or  Bere.  F.  Black- 
down,  and  near  Lyme.  Min.  Con. 

r— (new.)    Pinhay.    A  cast.  F. 

TormOeUai  affinis.  M.  PL  XVIII.  f.  Q. 

JMgonia  affirds.  M.,  Min.  Con.  Bine 
mammillated  chalcedony. 

T^-^-akefbrmis.  Blackdown.  M.: — ^Ridges 
very  sharp.  F.   Near  Lyme.  D. 

T—  dmdaka.  M.,  Min.  Con. 

T — eccetUrica.  M.  Hembury  Fort, 
Devon.    Min.  Con. 

T—pemuUa.    Teignmouth.  Min.  Con. 

r—  quadrata.  M.    PL  XVII.  f.  12. 

T—  spectabitis.  M.,  Min.  Com 

T—  spitwsa.  M.,  Min.  Con.  Near  Lyme. 

D. 
Turbo  eonicui.  M.,  Min.Con. 

T—  moniliferus.  M.,  Min.  Con. 

2V-  roiundaius.  M.,  Min.  Con. 

TurriUiet  coikUus.  M.  Not  chalcedony. 

Turriiella  costaia.  M.,  Min.  Con. 

T—  granulaia.  M.,  Min.  Con.,  F. 

Venus  angukda  (see  Ctfprina.) 

V—  caperaia  (see  Cyiherea.) 

r—  Faba.  F.,  Min.  Con. 

r—  ?  immersa.  M.  PL  XVII.  f.  6. 

V^  ?  sublcvis.  M.  PL  XVII.  f.  5. 

V—  lineolaki  (see  Cyiherea.) 

V—  ?  &oalis.  M.,  Min.  Con.,  F. 

P^paroa  l 

F- plana  /   («^«  Q^^*^^«-) 

F— ?  truncata.  M.  PL  XVII.  f.  3. 
JP^Psubmersa.  Pinhay.  F.  PLXVILf.4. 
F— .  (Two  other  species;  probably  new.) 
Fermetus  concavus.    PL  XVIII.  f.  lo. 

Pinhay.    Berehead.  M. 
V—polygonalis.  Calcareous.  Bere.  F. 
F---  radiatus.  (Planorbis  radiatus.  Min. 

Con.)  M. 


In  addition  to  the  species  mentioned  in  this  list^  there  are  several  others  in 
Mr.  Miller's  collection^  apparently  new ;  but  being  too  indistinct  for  figuring, 
they  have  been  omitted. 
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(124.)  Blackdoum  to  Shaftesbury. — ^The  great  range  of  the  chalk  escarp- 
ment in  the  interior  of  England,  which  stretches^  like  the  shore  of  a  sea  or 
lake^  from  Crewkeme  in  Dorsetshire  to  the  north-east  of  Dunstable  in  Bed* 
fordshire,  is  perfectly  analogous  in  structure  and  appearance  to  the  downs 
of  Surrey  and  Sussex.  It  is  interrupted  by  three  or  four  indentations  or 
gulfs  ; — one  of  great  widths  opening  towards  the  west,  between  Crewkeme 
and  the  heights  about  Stour-head  in  South  Wiltshire ;  another  expanding 
to  the  north-west  and  terminating  in  the  defile  where  the  Thames  cuts 
through  the  chalk,  in  its  course  to  the  south-east  from  Buckinghamshire  and 
Oxfordshire.  The  vales  of  Pewsy  and  of  Warminster  are  intermediate 
bays  of  the  same  general  structure  but  of  smaller  dimensions;  and  all  these 
valleys  are  apparently  the  result  of  denudation,  aided  by  previous  disturbance 
of  the  strata, — which  has  carried  away  the  chalk,  and  laid  bare  to  various 
depths  the  strata  beneath  it*. 

The  Green-sand  hills  range  nearly  from  west  to  east  for  about  ten  miles  on 
the  south  of  Wellington  and  Taunton,  and  are  then  broken  through  irre- 
gularly, retiring  towards  the  south  to  join  the  north-western  extremity  of  the 
Dorsetshire  chalk,  of  which  some  large  outliers  exist  in  the  vicinity  of  Chard 
and  Crewkeme.  The  chalk  escarpment  is  thence  continued  in  a  direction 
parallel  to  the  northern  range  of  the  Blackdown  hills,  to  an  opening  on  the 
north  of  Blandford,  through  which  the  Stour  makes  its  way  to  the  sea  at 
Christchurch ; — the  tributary  branches  of  that  river,  before  it  cuts  through  the 
chalk,  winding  extensively  over  the  country  around  Sturminster,  from  whence 
the  waters  of  the  whole  bay  are  conducted  to  the  south-eastern  coast.  From 
the  opening  of  the  valley  of  the  Stour  the  escarpment  tums  nearly  north 
towards  Shaftesbury,  between  which  place,  or  rather  between  the  promi- 
nence of  the  Upper  green-sand  on  the  north  of  it,  and  Mere,  is  the  opening 
of  the  vale  of  Wardour.  The  beds  immediately  below  the  chalk  from  Crew- 
kerpe  to  Shaftesbury,  have  not  yet  been  examined  in  detail,  but  the  general 
distribution  of  the  strata  is  represented  in  Mr.  Greenough's  Map. 

South  Wiltshire. 

(125.)  Vale  of  Wardour. — This  tract  may  be  considered  as  an  eastern 
prolongation  of  the  first  of  the  great  gulfs  above  mentioned,  which  being 
suddenly  reduced  in  width  between  Shaftesbury  and  Mere,  is  continued  east- 

*  The  principles  of  structure  in  these  tracts,  are  ably  discussed  in  Dr.  Buckland's  well*known 
paper  *'On  the  Formation  of  Valleys,  by  Elevation  of  the  Strata  that  inclose  themy"  (GeoL 
Trans.,  2nd  Series,  vol.  ii.  p.  119,  &c.,) — where  the  vales  of  Wardour,  Warminster,  and  Pewsy 
are  expressly  mentioned  in  illustration  of  the  author's  views. 
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ward  as  a  valley  surmounted  on  both  sides  by  hills.  It  will  be  seen  from 
the  Map,  Plate  IX.,  that  the  anticlinal  line  by  which  this  lower  tract  is  tra- 
versed coincides  in  direction  with  that  of  the  great  Wealden  denudation  of 
Hants,  Surrey,  and  Sussex;  and  is  parallel  also  to  the  line  of  upthrow  on 
the  coast  of  Dorsetshire  and  the  Isle  of  Wight,  and  to  other  shorter  lines 
of  elevation,  the  connexion  of  which  is  not  at  present  visible,  on  the  north  of 
the  Weald, — through  Burgh-Clerc,  Ham,  Shalbourne,  and  Burbage,  to 
the  Vale  of  Pewsy.  One  of  the  anticlinal  lines  of  the  lower  strata,  beneath 
the  new  red  sandstone,  from  Frome  to  the  Steep  Holm  in  the  Bristol  Channel 
also  runs  nearly  from  east  to  west ;  whilst,  on  the  contrary,  another  line  of 
fault  by  which  the  lower  beds  are  intersected,  beginning  near  Portishead- 
point  on  the  west  of  Bristol,  runs  tiorlkward,  across  the  Severn,  through 
Newnham,  and  thence  to  the  north-west  of  Gloucester*. 

(126.)  The  Vale  of  Wardour  has  the  general  form  of  a  triangle,  the  base 
of  which  extends  from  the  chalk  hills  on  the  south  of  Shaftesbury  to  those  of 
Mere,  the  apex  being  a  Utile  to  the  west  of  Harnham  Hill  on  the  south-east 
of  Salisbury  :  for  it  is  deserving  of  observation,  that  the  stream  of  the  Nadder 
escapes  from  this  valley,  not  directly  through  the  angle  at  its  geological  sum- 
mit, but  through  the  north  side;  in  a  manner  perfectly  analogous  to  that  of 
the  egress  of  the  streams  from  the  Wealden  denudation  in  Kent  and  Sussei. 

The  heights  which  bound  the  vale  consist  at  top  of  chalk,  the  inclination 
of  which,  like  that  of  the  strata  beneath  it,  on  the  north  of  the  anticlinal 
line,  is  in  many  cases  more  than  20°;  while  on  the  south,  it  is  seldom  more 
than  3°  or  4°,  apparently  deviating  but  little  from  the  general  disposition  of 
the  strata  in  the  South-east  of  England ;  and  this  anticlinal  line  itself  is 
throughout  much  nearer  to  the  north  than  to  the  south  side  of  the  vale. 
The  strata  from  the  chalk  down  to  the  gault  inclusive  seem  to  be  continued 
all  through,  and  to  be  nearly  uniform  in  thickness  ;  but  the  surface  between 
the  chalk  hills  is  very  irregular,  and  is  divided  by  a  ridge  or  bar  formed 
by  the  escarpment  of  the  Portland  strata,  on  the  east  of  which  the  ground 
is  hilly,  but  on  the  west  comparatively  flat  and  low  : — the  appearances  being 
altogether  luch  as  would  arise  from  the  deposition,  of  the  green-sands  and 
chalk,  over  a  tract  partially  occupied  by  the  Purbeck  and  Portktnd  forma- 

*  The  anticlioal  linei  near  Briitol,  on  the  Map,  Plate  IX.,  are  taken  Irom  Messra.  Buckland 
and  Conybeare'i  paper  on  that  district.  For  a  full  account  of  their  relations  to  those  in  the  Sonlh- 
east  of  England,  the  reader  is  referred  to  a  paper  since  published  by  the  Rev.  W.  Con^beare 
(London  and  Edinburgh  Phil.  Mag.  for  1832,  vol.  i.  p.  122,  &c.),  who  states  that  one  of  the  great 
lines  of  foult,  by  which  the  transition  strata  of  the  Quantock  Hills  in  Somersetshire  (beyond  the 
range  of  the  Map,  Plate  IX.,)  are  traversed,  runs  also  nearly  east  and  west. 
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tions^  so  a8  to  overlie  the  latter^  and  beyond  them  come  into   immediate 
contact  with  the  subjacent  clays. 

The  small  map^  Plate  VIL  fig.  3^  gives  a  plan  of  this  valley  on  a  larger 
scale  thftn  that  of  Plate  IX.^  and  the  Sections  ab  to  gh^  PL  X.  a*^  No.  13.^ 
further  illustrate  its  structure: — the  strata  being  the  Chalk, — Upper  green- 
sand, — traces  of  the  Lower  green-sand,  and  of  the  upper  members  of  the 
fVealden;  beneath  which  the  Purbeck  and  Portland  formations  are  more 
fiilly  disclosed. 

(127.)  ChiUk. — ^The  beds  at  Hamham  Hill^  immediately  on  the  south  of 
Salisbury^  are  inclined  to  the  north  ;  and  about  a  mile  to  the  west  of  that  hill 
a  curved  ridge^  or  horseshoe^  formed  of  the  upper  chalky  seems  to  be  the  first 
divarication  of  the  strata  which  bound  the  Vale  of  Wardour*.  It  therefore 
deserves  inquiry  whether  the  continuation  of  the  fissure  produced  by  an 
upheaving  on  the  east  of  this  pointy  may  not  be  discoverable  in  the  space 
between  Salisbury  and  the  head  of  the  Wealden  denudation.  The  southern 
limb  of  the  chalk  forms  a  continuous  and  lofty  ridge  from  Hamham^ 
through  Compton  Hill  and  Chiselbury^  to  White  Sheet  Hill^  around  the  base 
of  which  the  Upper  green-sand  occupies  the  whole  space  from  Berwick 
SL  John's  to  Shaftesbury^  the  escarpment  of  the  latter  formation^  which 
is  the  immediate  boundary  of  the  vale^  being  continued  all  along  the  foot 
of  the  chalk  range^  and  rising  from  beneath  it  towards  the  north. 

On  the  summit  of  the  ridge  at  Chiselbury,  the  chalk  includes  black  flbts  in  spongiform  nodules : 
the  Down  slopes  northward  at  an  angle  of  upwards  of  26^ ;  and  at  its  foot  there  is  a  depression 
or  trough.  The  lower  and  marly  chalk  form  a  ridge  at  Hoopside,  about  200  feet  above  the 
stream  at  its  base,  and  perhaps  100  below  the  summit  of  the  highest  range,  which  as  the  name  in- 
dicates is  curved,  and  nearly  parallel  to  the  curve  of  the  upper  chalk  at  the  Race-course.  The 
hill  in  Wilton  Park  belongs  to  the  upper  chalk,  which  there  crosses  the  stream  of  the  Nadder, 
passii^  through  North  Burcombe  and  thence  towards  the  north  of  west,  to  form  the  higher  downs. 
OD  the  north  of  the  valley,  at  some  distance  from  the  ridge  of  the  sands.  The  lower  chalk  and 
chalk  marl  constitute  an  intermediate  tract,  in  several  places  outtopped  by  the  sand  ridge.  In 
the  height  above  South  Burcombe,  is  chalk  with  veins  and  nodules  of  flint ;  and  nearly  on  a  * 
level  with  the  river,  north-west  of  Hoopside,  the  Upper  green-sand  comes  in. 

The  succession  from  the  flinty  chalk  to  the  Upper  green-sand,  on  the  north  of  the  valley,  is 
well  seen  in  the  road  from  Hindon  to  Fonthill  Giffbrd.  The  ridge  on  which  the  archway  stands, 
at  the  entrance  to  Fonthill  Park,  being  chalk  with  large  flint  nodules,  exposed  in  a  pit  imme* 
diately  without  the  plantations,  dipping  north  about  12^  and  separated  by  a  depression  from  the 
ridge  of  the  Upper  green-sand,  which  is  here  very  low. 


*  The  Map,  Plate  VII.  fig.  3,  unfortunately,  was  engraved  before  I  had  observed  the  structure 
described  in  the  text,  so  that  the  points  here  referred  to  are  not  included  in  it :  but  the  features 
are  well  represented  in  the  Ordnance  Map;  the  aid  of  which,  indeed,  is  almost  necessary  through- 
out these  pages,  to  understand  what  is  stated  respecting  the  structure  of  the  country. 
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(198r)  l^pper  Green-Band. — ^The  effect  of  the  unequal  inclination  of  the 
two  sides  of  the  ?alley  is  remarkably  shown  by  the  great  difference  in  the 
extent  of  the  spaces  occupied  by  this  formation.  On  the  souths  the  upper 
beds  are  concealed  at  the  foot  of  the  chalk  hills ;  but  the  lower  strata  shoot 
out  into  pbteaus^  which  form  the  tops  of  the  hills  all  the  way  to  Shaftes- 
bury ;  but  on  the  north  the  whole  series  of  the  Upper  green-sand  rises  ab- 
ruptly and  forms  a  very  narrow  ridge  of  unequal  height  The  Map  and  Sec- 
tions^ Plates  VII.  fig.  3.  and  X.  a..  No.  13.^  sufficiently  explain  this  structure. 

Some  of  the  best  sectumi  of  the  trantition  from  the  chalk  into  the  Upper  green-amd  are 
▼iaibk  near  Barford  St.  Martin  and  thence  to  BaTeretock.  In  the  lane  oyer  BaTentoek  Hill 
(called  in  the  country  Ckradles)  the  leries  consists  of  alternate  beds  of  chalk  and  sand  with 
green  partidesi  succeeded  by  a  thick  bed  of  green-sand  abounding  remarkably  in  Grypkaca  am- 
cuIoiOt  which  can  be  traced  almost  entirely  round  the  yalley.  The  ridge  of  these  sands  oyer 
Dinton  House  is  fbll  200  feet  above  the  bottom  of  the  depression  between  it  and  the  lowest 
chaDc 

The  greatest  superficial  extent  of  this  formation  occurs  in  the  vicinity  of  Shaftesbury,  where 
the  upper  part  seems  to  haye  been  better  preserved  than  in  the  continuation  of  it  eastward.  The 
sections  vary  from  50  to  60  feet  in  thickness ;  of  which  about  a  third  at  top  containa  beds  of 
chert  like  those  of  the  Isle  of  Wight :  but  the  lower  beds  only  are  found  in  the  plateaua  whidi 
project  beyond  the  chalk. 

Several  good  sections  of  the  upper  strata  are  visible  in  the  lanes  about  Shaftesbury ;— ^  Lod* 
well,  Hemsham  Street,  in  the  ascent  fitmi  Brookwater,  and  thence  to  the  foot  of  White  Sheet 
Hill,  where  some  of  the  quarries  include  chert  and  veins  of  chalcedony. 

From  Castleditches, — an  ancient  fort  or  encampment  on  the  summit  of  a  remarkable  promi- 
nence, the  sand  which  composes  the  top  declines  uniformly  towards  the  foot  of  the  chalk  range,  but 
extends  with  an  even  surface,  westward  to  Shaftesbury,  and  eastward  to  Barford  Heath.  The  beds 
have  many  points  of  general  resemblance  to  the  sands  of  Blackdown ; — with  this  important  dif- 
ference, that  a  very  distinct  stratum  of  bluish  day  (Gault),  which  is  wanting  at  Blackdown,  is 
here  found,  everywhere,  below  the  sand. 

The  relations  of  these  strata  are  well  shown  in  a  large  quarry  at  the  top  of  the  hill  east  of 
the  valley  of  Fovant  and  of  the  Pembroke  Arms,  where  the  following  was  the  order : — 

Fovant  Quarrv. 

•^  Ft  In. 

Soil  and  Grass. 

1.  Greenish  sand,  alternating  with  gray,  including  stone  which  passes  into  chert,  in  irre-1  .^    ^ 

gular  concretional  bands  and  masses : — ^very  like  the  sands  of  Blackdown  ....  14  to  j 

2.  Sand  of  a  much  darker  hue,  below  passing  into  stone about      5    6 

S.  Stone  called  "  Greenstone  ",  in  firm  beds,  which  are  quarried  for  building ;  upper  surface  1    q    /> 
irregular ;  contains  GrypJusa  vesiculosa,  Pectens,  and  shark's  teeth    about/ 

This  stone  is  valuable  from  its  not  being  affected  by  frost.  It  can  therefore  be  dug 
at  any  season,  and  stands  well  in  water,  as  the  foundations  of  bridges,  and  in 
exposed  situations,  as  in  copings,  &c. 

4.  Stone ;  but  not  good 1    G 

5.  Sand;  depth  unknown. 

On  the  north  of  the  valley,  the  Upper  green-sand  appears  likewise  to  consist  of  two  portions ; 
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tbat  which  immediately  succeeds  the  chalk,  the  equivalent  of  the  fire-stone  of  Surrey,  and  the 
Malm-rock  of  Western  Sussex,  abounding  in  chert.  To  the  lower  portion  the  term  Green-sand 
is  strictly  applicable,  as  it  is  composed  of  sand,  and  abounds  in  green  particles. 

About  two  miles  west  of  Ridge  the  sands  suddenly  expand  and  occupy  a  large  space  from  the 
north  of  Fonthill  Abbey  to  Stop  Beacon,  where  the  surface  is  strewed  with  fragments  of  chert, 
the  remains,  probably,  of  the  higher  beds  which  have  disappeared.  But  further  west,  between 
the  Abbey  and  East  Knoyle  through  Middlemore,  the  ridge  again  is  narrow  and  highly  inclined ; 
but  so  much  reduced  in  height,  that  the  chalk  of  Hindon  can  be  seen  over  it  from  the  flat  country 
at  the  mouth  of  the  vale.  The  sands  again  expand  a  little  on  the  west  of  East  Knoyle ;  but  at 
Upton  their  dip  is  not  much  less  than  40^;  so  that  the  horizontal  section  occupies  but  a  few  paces, 
and  on  the  north  the  chalk  is  seen  at  a  lower  level,  connected  by  insensible  gradation  with  the 
sands. 

(129.)  Gault.-^The  clay  beneath  the  Upper  green-sand  seems  to  be  co- 
extensive with  that  formation.  It  forms  on  the  south  of  the  Vale  of  War- 
dour  a  rapid  slope;  on  the  norths  a  depression^  immediately  below  the 
sand ;  and  is  identified  in  several  places  with  the  gault  of  the  eastern  coun- 
ties by  the  characteristic  fossils.  At  Lower  Donhead^  under  Lidhurst^  it 
contains  Ammonites  with  coproid  masses  of  phosphate  of  lime ;  and  at 
Ridge^  where  one  of  the  most  distinct  sections  is  exposed^  many  other  fossils 
have  been  founds  the  clay  having  been  long  used  for  tile-making.  The  beds 
all  dip  to  the  norths  between  6°  and  7^ ;  and  a  well  has  been  sunk  through 
the  clay^  and  a  thin  bed  of  sand  beneath  it^  down  to  the  Purbeck  strata ; 
the  order  being  thus : — 

Section  at  the  Tile-pits,  Ridge. 

South.  Pitrbeek  Upper  Grven-Miuf^    North. 

StmB-piU         Sand.     GmdL  TUe-piU. 


Ft.    In. 

1.  Upper  Green'Sand^  at  the  upper  part  of  the  hill,  consisting  of— 

a.  Green-sand. 

fr.  Green  sand-stone,  full  of  Gryphcea  vesiculosa  at  the  upper  part 8  to     10ft. 

c.  Ghreenish  sand. more  than    30 

d.  A  hed  called  by  the  workmen  "  malm-rock  ";  sand  with  stems  of  Siphonial  g^ 

and  impressions  of  Ammonites about/ ^q^     ^ 

2.  Gaidtf  including  near  the  top  a  bed  of  pyrites,  shot  through  with  veins  of  calcareous  "j 

spar,  of  which  some  large  crystals  are  found  here.     The  rest  is  clay*  containing  I -.     ^ 
Ammonites,  and  other  characteristic  fossils,  with  Septaria  and  ovoid  concretional  f 
masses  of  phosphate  of  lime    J 


*  About  3  feet  of  clay,  which  occurs  on  the  north-west  of  Ladydown,  may  belong  either  to 
this  stratum,  or  to  one  of  the  beds  subordinate  to  the  Purbeck  formation. 

VOL.  IT. — SECOND  SERIES.  S  & 
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S.  Sand ;  (perhaps  the  representative  of  the  Lower  green-sand)  said  to  be  like  that  of  1 
the  hill  top.  Masses  of  a  calcareous  conglomerate  in  the  upper  part • .  •  •  J 

4.  Fissile  stone  ;  some  of  the  upper  beds  of  the  Purbeck  series : — 

a.  Slaty  limestone,  abounding  in  Cypris  and  Cydas,  with  smooth  Paludinse,  and 
anodier  acute  spiral  univalve. 

h*  Fine-grained  oolite  in  uniform  globular  particles,  like  the  roe  of  fishes. 

(130.)  Lower  Green-sand. — ^This  formation  is  nowhere  prominent  in  the 
Vale  of  Wardour,  and  scarcely  observable  throughout  the  greater  part  of  it. 
The  ferruginous  sands  below  the  gault  in  the  eastern  portion  of  the  valley 
may  not  improbably  be  referable  to  some  of  the  Wealden  sands ;  but  on  the 
road  descending  from  the  Pembroke  Arms  to  Catherine  Ford^  a  bed  of 
greenish  sand  occurs  below  the  gault,  which  seems  to  be  superior  to  the 
Wealden  strata ;  and  if  this  be  continuous  with  a  bed  of  sand  which  appears 
at  Penthurst  and  Fovant^  it  must  belong  to  the  marine  beds;  as  I  found  at  the 
former  place  a  Pecten  and  the  stem  of  a  Siphonia.  Ochreous  sand^  with  some 
blue  clay^  to  a  total  thickness  of  five  or  six  feet^  occurs  likewise  above  the 
Purbeck  strata  at  Totterdale  (  Totteridge  of  the  Ordnance  Map), — a  height 
on  the  south  of  Tisbury,  to  which  I  shall  hereafter  have  occasion  to  refer. 
On  the  north  side  of  the  valley,  sand  of  the  same  doubtful  character  occurs 
immediately  below  the  gault ;  but  a  bright  ochreous  clay,  in  a  corresponding 
place  between  Apselland  Chicksgrove,  is  in  my  notes  referred  distinctly  to 
the  Lower  green-sand ;  and  a  part  of  the  sands  from  Fon thill  Abbey  to  Stop 
Beacon,  may  also  belong  to  the  same  formation.  On  the  whole,  however, 
the  difference  between  the  bulk  of  the  Lower  green-sand  here,  from  that 
which  it  exhibits  in  Kent,  Sussex,  and  the  Isle  of  Wight,  is  very  remarkable, 
and  accords  with  the  rapid  thinning  out  of  the  formation  westwards,  on  the 
coast  of  Dorsetshire  and  Devon. 

(131.)  Wealden. — The  indications  of  the  upper  members  of  this  group  in 
the  Vale  of  Wardour  are  likewise  indistinct,  nor  did  1  find  here  any  of  their 
fossils  ;  but  where  the  strata  rise  slowly  from  beneath  the  gault  on  the  east, 
under  Fovant  Wood,  and  thence  by  Catherine  Ford  and  the  sloping  ground 
towards  Dinton  and  Teffont  Magna,  (PI.  VII.  fig.  3  ;  and  PI.  X.  a..  No.  13.,) 
are  traces,  probably,  of  the  Weald  clay  and  Hastings  sands ;  the  pond  at 
Dinton  Parsonage,  especially,  resting  on  a  bed  which  answers  well  to  the 
site  of  the  Weald  clay.  These  indications  deserve  notice,  as  they  furnish 
the  only  instance  with  which  I  am  yet  acquainted,  of  the  occurrence  of 
the  upper  members  of  the  Wealden  in  the  interior  of  England.  The  place 
where  these  strata  may  be  looked  for  with  the  greatest  chance  of  success, 
is  on  the  descent  from  the  plateau  of  the  Upper  green-sand  to  Catherine 
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Ford ;  and  their  existence  is  rendered  more  probable^  by  the  distinctness 
with  which  the  connected  strata  of  the  Purbeck  ^oup  are  developed ;  the 
whole  series  apparently  thinning  out  towards  the  west. 

(132.)  Purbeck  Formation. — The  Purbeck  beds  rise  from  beneath  the  sand 
and  clay  at  Dallard^s  Farm^  near  the  eastern  angle  of  the  Vale  of  Wardour ; 
and  from  that  point  they  can  be  traced^ — on  the  south  of  the  Nadder^  at 
least  as  far  as  Totterdale^  south  of  Tisbury ;  and  on  the  norths  to  Ashley 
Wood^  west  of  Ladydown^  or  perhaps  to  Stop  Street^  a  hamlet  above  the 
village  of  Fonthill  Giffard ;  occupying  also  the  greatest  part  of  the  inter- 
mediate heights  between  these  extreme  points.  The  strata  throughout  agree 
with  those  of  the  coast ;  their  fossils^  with  the  exception  principally  of  oysters^ 
belonging  to  freshwater  genera ;  and  at  the  lower  part  near  their  junction 
with  the  Portland  stone,  they  likewise  include  beds  of  clay  alternating  with 
limestone ;  one  of  which  at  least  contains  the  trunks  of  silicified  trees.  The 
abundance  of  marine  shells  in  the  Portland  beds  immediately  below,  is  here 
as  remarkable  as  in  the  Isle  of  Portland. 

The  Map  and  Sections,  PI.  VII.  fig.  3.,  and  PI.  X.a.,  fig.  13.  a b  &c.,  show  the 
general  relations  of  the  Purbeck  series.  The  principal  quarries  open,  in  the 
upper  part  of  this  formation,  when  I  examined  the  country,  were  at  Dallard's 
Farm  above  mentioned ;  at  Dashlet  on  the  south  of  the  Nadder,  about  mid- 
way between  Catherine  Ford  and  Chicksgrove ;  and  on  the  opposite  bank 
of  the  river,  at  Teffont  Evias  and  near  Legh-barn.  The  junction  of  the 
Purbeck  and  Portland  strata  was  best  seen  in  a  quarry  at  Wockley,  on  the 
south-east  of  Tisbury,  the  counterpart  of  a  much  larger  one,  worked  some 
years  ago  at  Chicksgrove  (or  Chiknark)  Mill,  but  now  obscured  by  decom- 
position from  long  exposure. 

At  DaUarJTi  Farm^  the  beds  first  seen,  on  the  west  of  the  upper  green-sand  and  gault,  were 
thus: — 

Ft.  In.        Ft  In. 

1.  Sofland  Grass. 

2.  Yellowish- hrown  ferrugmous  loam,  or  clay 1     C 

3.  Slaty  stone  and  clay,  including  seams  of  fibrous  carbonate  of  lime  : 

a.  Slaty  limestone,  containing  Ostrea  distarta^  PI.  XXII.  fig.  2 0     6 

b.  Fissile  whitish  calciferous  clay,  called  "  Spangle  "  by  the  quarrymen,  in-1  q     ^ 
duding  great  numbers  of  a  small  Modiola   J 

c.  Whitish  uniform  limestone,  including  Carhula  alatUt  PL  XXI.  fig.  5.,  like  1  ^     ^ 
that  near  the  coast  at  Upway •  •  •  J 

it  Fissile  day 1     0 

tf.  Clay ;  somewhat  like  d,  but  more  approaching  to  stone 0     6 

y.  Fissile  day,  like  **  Spangle  *\  with  Modiolse,  like  those  of  5 1     0        ^     ^ 

2k2 
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Ft.  Id.        Ft.  In. 

4.  Slaty  limestone  in  firm  beds,  alternating  with  blue  fissfle  clay: 

a.  Roii^  and  irregular  above   6in.toO     9 

6.  Stone;  firm  and  durable,  abounding  in  Cydades; — within  the  valves  of-i 
which  are  deposited  besAitifiil  casts  of  a  small  species  of  Cypris.     See  1 1     3 
Pl.XXI.fig.76. J 2    0 

5.  Alternations  of  very  blue  fissile  clay,  with  thick  slaty  stone,  containing  Osireal  ^     g 

dUUnia   J 

6.  Stone;  continued  downwards    visible  2    0 

These  lower  beds  are  of  different  tints  of  blue  and  gray ;  the  gray  by  exposure  becoming  white, 
and  the  blue  portions  graduating  into  a  hard,  somewhat  splintery  stone,  which  in  some  spe- 
cimens might  be  taken  for  limestone  of  the  carboniferous  series ;  some  of  the  slaty  strata  alter- 
nating with  clay  (3  above),  consist  of  worn,  rounded,  fragments  of  shell  and  of  stone,  and  are 
very  like  some  of  the  upper  beds  of  Bermuda.  The  outer  surface  of  the  more  nnifimn  lime- 
stones is  here  much  eroded  by  the  weather ;  and  when  the  masses  are  split,  the  natural  partings 
are  frequently  found  to  be  furrowed  or  eroded  with  tortuous  irregular  channela,  from  half 
an  inch  downward  in  diameter. 

The  pits  along  the  south  bank  of  the  river,  where  the  Purbeck  series  emerges  from  beneath 
the  heights  of  sand,  afford  several  good  sections; — very  much  alike,  and  fairly  represented  by  the 
following  detail  of  one  at  DoihUt.  (See  the  Map,  PI.  VII.  fig.  3.) 

Section  of  the  Stone-pits  at  Dashlet. 

1.  Brown,  loam-like  clay,  including,  or  passing  into  2 1    0 

2.  Concretional,  but  nearly  continuous  masses  of  soft  stone,  with  layers  of  Cy-1  q    ^ 
clades  and  Cypris,  and  oolitic  particles about  J 

The  oolitic  particles,  when  decomposed,  leave  empty  cavities  in  the  firmer 
cement,  which  might  be  mistaken  for  casts  of  Cypris. 

3.  FissQe  stone,  in  irregular  beds,  almost  entirely  composed  of  Cyclades  and  1  ^    ^ 
Cypris J 

4.  A  group  of  clay  and  limestone  : 

a.  Thin  slaty,  calciferous  clay,  including  b 0     3  ' 


6.  Delicately  fibrous  carbonate  of  lime,  with  impressions  of  Cyclas  media  1  ^     ^ 
on  the  surfaces  adjoining  the  clay ;  the  beaks  unusually  sharp     j 

c.  aay    0     1 

d.  Flattened  roundish  masses  of  uniform  white  and  gray  stone,  imbedded  1  ^     . 
in  the  clay  of  c.  and  d. ;  vertical  cracks  within,  as  in  Septaria J 


1    5 
to 

1    6 


e.  Brownish  clay 1  in.  to     0     2 

/.  Fibrous  carbonate  of  lime 0     1 

g.  Fissile  clay,  calciferous  below    1  in.  to     0     6 

5,  Compact  limestone,  in  some  places  bluish,  containing  very  large  Cyclades  -i  14 

(C  major)  ;  a  large  fiat  bivalve  (Unio  ?) ;  small  bones  and  palates  of  fishes  ;  V  to 

and  fragments  of  Ostrea  diitorta,  PI.  XXII.  fig.  2 J  I    6 

The  slaty  limestone  in  the  pits  hereabouts  affords  the  same  beautiful  casts  of  Cypris  as  are 
found  at  Dallard's,  frequently  inclosed  witliin  the  valves  of  Cyclades,  of  which,  in  fact,  the  beds 
are  almost  entirely  composed.  In  other  cases  the  surfaces  of  the  strata  are  covered  with  im- 
pressions of  a  small  Modiola.  The  clay  is  of\en  divisible  into  fragments,  which  are  polished, 
as  if  by  friction  under  strong  pressure. 
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Some  of  the  beds  of  uniform  whitish  limestone,  to  which  the  workmen  give  the  name  of  "Lias", 
▼ery  much  resemble  the  stone  of  Monte  Bolca;  and  where  most  compact,  are  so  like  the  stone 
used  in  lithography,  that  their  application  to  that  purpose  seems  to  be  well  deserving  of  trial. 
The  exposed  edges  of  the  thicker  folia  are  eroded  deeply  into  spongiform  cavities.  In  some  of 
the  pits,  the  limestone,  alternating  with  clay,  has  the  appearance  of  united  concretions  or  lumps ; 
but  within  the  stone  is  uniform,  the  aspect  that  of  freshwater  limestone,  and  the  fracture 
splintery  or  very  flat  conchoidal,  resembling  a  rock  found  in  a  corresponding  place  at  Gar- 
sington  near  Oxford,  which  is  there  called  **  Malm  ".  The  masses  split  into  irregular  flakes  at 
right  angles  to  the  surfaces,  not  more  than  a  twentieth  to  an  eighth  of  an  inch  thick.  Both  the 
days  and  limestones  in  this  part  of  the  Purbeck  series  have  sometimes  a  bluish  colour ;  and 
both  inclose  large  specimens  of  Ostrea  dittorta. 

On  the  north  side  of  the  valley,  as  the  Purbeck  strata  rise  more  rapidly,  the  sections  are  not 
■o  much  expanded;  but  about  Teffbnt  Evias  slaty  limestone,  alternating  with  clay  and  fibrous 
carbonate  of  lime,  is  seen  not  far  from  the  gault,  dipping  about  north  15^  west,  at  an  inclination 
between  2^  and  4^.  A  thick  coating  of  these  strata  invests  the  heights  thence  to  Ladydown, 
(see  the  section,  PI.  X.  a.,  fig.  13.  ab.)  ;  but  about  midway  to  that  place,  it  is  cut  through  by  a 
natural  ravine,  which  runs  from  Chilmark  to  the  Nadder  at  Penthurst  Bridge,  and  not  impro- 
bably may  have  originated  in  a  dislocation.  The  Portland  beds  which  form  the  lower  part  of 
the  ravine  have  been  extensively  quarried  on  both  sides. 

At  Ladydown,  near  the  highest  ground  occupied  by  the  Purbeck  formation,  quarries  have  long 
been  worked  to  great  extent,  chiefly  for  the  sake  of  the  fissile  cydadiferous  stone,  like  that  of 
the  Isle  of  Purbeck,  which  here  bears  the  name  of  **Tilestone  ".  Among  these  beds  is  a  group 
which  abounds  in  the  remains  of  fishes. 

On  the  south  of  the  Nadder,  near  Benston,  a  prominence,  like  a  step  at  a  lower  level,  extends 
beyond  the  sands  and  clay  which  form  the  upper  part  of  the  hills,  and  is  continued  to  Wockley 
and  the  west  of  Anstey  Water,  capping  the  height  occupied  by  Totterdale  Farm,  where  the  Pur- 
beck beds  run  out.  In  the  lower  part  of  this  projection,  a  large  quarry  was  for  many  years  worked 
at  Chicksgrove  Mill,  and  another  more  recently  at  Wockley ;  the  bottom  of  the  former  is  nearly 
level  with  the  river ;  the  top  about  50  feet  above  it,  and  about  dO  feet  lower  than  the  top  of 
the  prominence  above  mentioned.  The  total  thickness  of  the  Purbeck  strata  indicated  by  these 
data  does  not  exceed  60  feet. 

A  few  beds  occur  in  the  upper  part  of  the  section  at  Chicksgrove^  which  do  not  remain  at  Wock- 
ley ;   but  the  rest  are  so  nearly  the  same  at  the  two  places  as  not  to  require  a  separate  detail. 

Ldst  of  the  Beds  at  Chicksgrove  Milly  and  Wockley  Quarries. 

Ft   In.      Ft   In. 

Chkksgrove. — 
Grass  and  soil  about    0     9 

1.  Loam ;  including  fragments  of  stone,  like  the  "  Uas  "  of  the  pits  above  men- 1  .     ^ 
tioned about/ 

2.  Bluish  day,  passing  into  5 • 8  in.  to  6  in.     0     5 

3.  Yellowish  brown,  tough  clay,  very  uneven  at  the  bottom ;  filling  up  the  >r- 1  ^     ^ 
regularities  of  4 3  in.  to  9  in.  j 

4.  A  bed  of  coarse,  somewhat  gritty  limestone,  very  irregular  in  thickness,  but  -j 
nearly  continuous  ;  in  many  places  bavins  the  aspect  of  magnesian  limestone,  \%    0 

and  containing  nests  of  carbonate  of  lime  m  rhombic  crystals 1  ft.  to  3  ft.  J 5    0 
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Ft  In.       Ft  In. 


} 


5.  A  bed,  likewise  very  irregular,  consisdng  of — 

a«  Brownish  clay,  at  the  upper  part. 

5.  Cayemous  concretions  or  crusts  of  carbonate  of  lime,  in  the  formof  irre* 
gular  flakes ;  which  in  some  places  have  a  deceptive  appearance  of  or- 
ganic structure.  This  bed  accommodates  itself  to  the  inequalities  in  the 
surface,  both  of  4  above  and  of  5  below  it ;  and  seems  to  be  a  mass  of 
loose  loamy  clay,  shot  through  by  stalagmitic  carbonate  of  lime 

6.  A  bed  much  decomposed,  and  very  unequal  in  thickness:  apparently  consist- 
ing of  soft,  calciferous  clay,  with  some  portions  of  firmer  limestone 

All  the  preceding  beds  seem  to  be  above  those  of  the  Wockley  Quarry* 

7.  (Apparently  the  same  with  2.  and  5.  of  Wockley.)    Irregular  portions  of] 
limestone,  very  indistinct  from  decomposition ;  sometimes  wholly  wanting ;  I . 
sometimes  in  the  form  of  thin  slaty  beds  waving  over  the  inequalities  of  the  | 
clay  (8.)  below lfV.tolft.6in.J- 

The  whole  thickness  from  4ft.  to  7ft.  inclusive  is about 

8.  Tough  clay,  (seems  to  be  the  same  with  4.  of  Wockley). 

Wockley 

Grassy  surface. 

1.  Ferruginous  loam  and  sand,  filling  the  irregularities  in  the  top  of  2 6  in.  to 

2.  Compact  limestone,  much  decomposed,  but  in  the  fresher  pieces  mottled, 
grey  and  bluish.  At  the  bottom  this  bed  is  divisible  into  flakes  or  thin  strata, 
curved,  or  waving ;  very  like  the  lower  part  of  the  *'  slate "  of  Portland, 
and  the  fissile  beds  above  the  Portland  stone  at  Bacon  HaU,  (p.  228.)  {Qtue. 
the  ••  Soft  Burr,"  or  "  Bacon-ledge  ") 1  ft.  6  in.  to  2  ft. . 

8.  Decomposed  whitish,  fissile  limestone ;  passing  at  the  lowest  part  into  4.,  1 
and  very  nearly  resembling  the  "  Cap  "  at  Bacon  Hall about  j 

4.  (8.  of  Chicksgrove  Quarry.)  Tough  dark  day,  in  some  places  very  like  ^ 
Fuller's-earth :  seems  to  represent  one  of  the  **  dirt  beds"  of  Portland  and  the  I 
coast  near  Lul worth,  but  is  more  uniform,  and  does  not  contain  fragments  of  | 
stone J 

5.  (9.  of  Chicksgrove.)    Fissile  stone  and  clay. 

a.  Hard  stone 

b.  Thin  slaty  stone,  in  some  places  sandy,  abounding  in  casts  of  Cypris,  and 
in  Cycles  elongata^  PI.  XXI.  fig.  9.  This  bed  very  much  resembles  the 
decomposing  *'Cap"  of  Upway  (p.  US,)  and  may  perhaps  correspond  to 
the  **A8h"  of  Portland  (p.  220.) 

The  beds  of  this  part  of  the  section,  at  Chicksgrove,  include  also  a 
minute  spiral  univalve.  They  are  intersected  by  veins  of  stalactitie  car- 
bonate of  lime,  like  those  in  the  "  Cap",  &c.,  of  Portland. 

c.  Fissile  calcareous  matter,  in  beds  of  unequal  thickness,  curved  at  the 
lower  part  over  the  masses  of  d. ;  precisely  like  the  bottom  of  the 
"  Cap  "  at  Bacon  Hall,  (p.  223.) 

d.  Irregular  concretional  masses  of  black  flint,  rugged  without  when  de- 
tached ;  not  in  themselves  distinguishable  from  chalk  flints 

6.  (10.  of  the  Chicksgrove  section.)  Fissile,  somewhat  gritty  limestone;  at  top 
enveloping  the  flinty  masses  5,d,;  below  adhering  to  7.  This  bed  at  the  upper 
part  contains  casts  of  Cypris  in  great  numbers.  The  proprietor  of  Chicks- 
grove Quarry  told  me  that  fishes,  like  those  of  Ladydown,  were  found  in  this 
part  of  the  series,  both  there  and  at  Wockley ;  but  the  specimens  which  I 
could  obtain  were  much  smaller  than  those  of  that  place 
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0     5 
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7.  (11.  of  Cbiclugrove.)      Uniform,  soft,  very  white  limestone,  here  called] 
'*chalk";  but  abounding  at  the  upper  part  in  Portland  fossils:  Pecten  la-  | 

meUoMU9f  Catdivm  diirimU^  Trigoma  gibboia,  Ostrea  expansa.  This  bed  is 
not  fit  for  building,  and  is  burnt  into  lime :  it  seems,  nevertheless,  to  represent 
the  **  white-bed  "  of  Portland,  though  without  oolitic  structure  •  •  • 

8.  (12.,  &c,  of  Chicksgrove.)    From  7.  to  the  bottom  of  the  quarry,  a  depth  of 
about  25  feet,  in  8  or  9  beds,  is  caUed  "  Freestone  " :  the  detail  as  follows : — 

a.  Whitish  stone,  called  "chalk",  of  uneven,  subconchoidal  fracture;  con-1  ^ 
taining  great  numbers  of  Pecten  lamellosus  and  Cytherea / 

b.  Cream-coloured,  somewhat  sandy  stone,  also  with  Pecten  lamellosus ....     2 

c.  Similar  stone ;  Trigonia  ^[ibbotOf  Cytherea,  Pecten  lamellows.  Sometimes  1  ^ 
this  bed  includes  5  to  8  mches  of  sand 2  fl.  to  J 

d.  Concretional  stone  and  sand. 

i.  Stone 0 

ii.  Sand,  separating  and  surrounding  the  concretions  of  i.     4 

about 

e.  Stone  and  sand : — 

i.  Concretional  stone 1 

ii.  Sand  around  the  concretions 2 

f.  Stone 4 

g.  Ditto 8 

h.  Ditto • 2 


Ft  In.      Ft  In. 


0 
6 
6 


0 
0 


0 
6 


to  1 
to  2 


to  8 
to  0 


8 
6 


0 
6 


} 
} 
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6 
0 
6 
0 
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These  lower  beds  (which  afford  the  best  stone)  contain  Ammonites 
giganteus  of  great  size  :  they  are  more  like  the  form  of  the  Portland  stone 
wmch  occurs  in  the  Isle  of  Purbeck  than  that  of  Portland  Isle  itself. 

Bottom  of  the  Quarry. 
At  a  new  quarry  near  Chicksgrove  Mill,  the  dip  was  east  25^  south,  at  an  angle  of  2^  or  8^. 

(133.)  Junction  of  the  Purbeck  and  Portland  formations. — It  is  obvious  that 
the  preceding  strata^  down  to  7j  represent  the  lower  part  of  the  Purbeck  se- 
ries^ which  in  the  Island  of  Portland  includes  the  petrified  trees  and  Cycadese ; 
and  the  section  here  is  valuable^  as  it  exhibits  some  variation  in  the  form  of 
those  lacustrine  deposits.  One  of  the  principal  points  of  difference  between 
the  sections  at  the  two  places  is^  that  the  freshwater  strata  here  rest,  imme- 
diately^ upon  a  bed  containing  marine  fossils^  without  the  intervention  of  any 
clay  or  dirt.  Another  difference  is^  that  no  flinty  masses  are  found  here^  at 
the  top  of  the  Portland  formation^  like  those  immediately  above  the  white 
bed  in  the  Isle  of  Portland;  but^  on  the  contrary^  a  range  of  irregular  masses 
of  black  flint  occurs  distinctly  within  the  freshwater  series,  and  is  separated 
from  the  Portland  stone  (No.  7.  of  the  preceding  list)  by  a  bed  of  freshwater 
limestone  (No.  6.)^  including  casts  of  Cypris.  As  the  flinty  in  this  latter 
case^  does  not  contain  fossils,  its  presence  immediately  above  the  junction^ 
while  it  is  wanting  in  the  usual  place  below,  might  at  first  sight  mislead :  but 
the  occurrence  of  flinty  masses  is  by  no  means  unfrequent  in  other  parts  of 
the  Purbeck  group ;   and  in  the  quarries  north  of  the  Nadder,  opposite  to 


354  Dr.  FiTTON  on  the  Strata  below  the  Chalk. 

Dashlet  above  mentioned^  where  some  of  the  beds  partially  composed  of 
dark-coloured  flinty  are  full  of  Cyclades  and  other  freshwater  fossils. 

(134.)  Petrified  Trees. — I  saw  no  traces  of  trees  or  Cycades  either  at 
Chicksgrove  or  Wockley^  nor  could  I  learn  that  any  specimens  had  been 
found  there ;  but  I  had  the  satisfaction  of  finding,  on  the  road  from  Totter- 
dale  towards  Walmead*^  at  a  point  nearly  on  a  level  with  the  top  of  the 
quarry  at  Wockley^  several  fragments  of  a  silicified  coniferous  trunks  with 
cavities  encrusted  with  quartz  crystals^  as  in  Portland  and  the  Boulonnoisf, 
which  had  obviously  come  from  a  stone-pit  just  then  filled  up^  on  the  road- 
side :  and  soon  afterwards^  the  workman  who  had  dug  them  out  informed 
me^  without  being  asked  a  question^  that  all  the  fragments  were  portions  of 
one  large  mass^  ''thicker  than  a  man's  thigh/'  which,  he  said^  stood  up- 
right among  the  strata,  ''  like  a  gatepost, — and  did  not  lie  flat  like  the  beds 
''  of  stone.  He  had  quarried/'  he  said,  ''  many  a  piece  near  this  place, 
''  as  much  as  a  man  could  heave  up,  and  all  standing  upright/'  This  testi- 
mony leaves  no  doubt  that  trunks  in  the  erect  position  have  been  found  here, 
— ^precisely  in  the  geological  place  where  they  might  have  been  expected ; 
and  it  is  highly  probable  that  further  examination  will  lead  to  their  dis- 
covery in  situ. 

A  bed  or  beds,  of  day,  near  the  junction  of  the  two  formations,  in  which  silicified  trees  may  be 
expected,  comes  to  the  surface  at  several  points  along  the  river,  between  Ham  Cross  and  Ashley 
Wood  on  the  west  of  the  Ladydown  Quarries.  In  one  place  on  this  line,  at  a  streamlet  which 
crosses  the  road  from  Chicksgrove  to  Ham  Cross,  a  bed  or  beds  of  clay,  apparently  belonging  to 
the  upper  part  of  the  Chicksgrove  section,  comes  down  to  the  level  of  the  road,  and  well  deserves 
to  be  examined ;  and  on  the  descent  from  Totterdale,  above  mentioned,  towards  Anstey  Water» 
is  another  spot  where  fossil  trunks  might  be  sought  for  with  great  probability  of  success. 

(135.)  Portland  Strata. — The  general  disposition  of  the  Portland  beds  in 
the  Vale  of  Wardour  will  be  understood  from  the  map  and  sections^  PI.  VII. 
fig.  3.^  and  PI.  X.  a.^  No.  13.  a  b  &c.  The  upper  strata  are  best  seen  in  the 
sections  at  Chicksgrove^  Wockley^  and  Chilmark. 

The  stone  is  found  in  the  bed  of  the  river  at  Chicksgrove  Mill,  and  continued  without  inter* 
ruption  on  the  south  of  the  valley,  beneath  a  covering  of  the  lowest  Purbeck  strata,  which  cap  the 
height  at  Totterdale,  to  the  vicinity  of  Wardour-castle,  beyond  Bridsor.  On  the  opposite  side 
of  the  river  the  strata  soon  begin  to  dip  towards  the  north ;   but  they  rise  also  slowly  west- 


*  The  names  in  the  Ordnance  Map  here  require  correction.  The  word  Totteridge  ought  to  be 
Totterdale^  and  should  be  transferred  to  the  present  place  of  the  word  Highgrove ;  the  fonner 
being  the  name  of  the  farm. 

t  Some  of  the  specimens  from  this  place,  of  a  brownish  hue,  were  found  by  Dr.  Prout  to 
consist  almost  wholly  of  silex,  with  slight  traces  of  bituminous  matter. 
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ward,  to  their  final  disappearance  near  Pyt-house.  The  remoter  portions  of  this  formation,  on  the 
north-west,  form  some  of  the  highest  ground  within  the  surrounding  ranges  of  green-sand, — 
as  at  Higher  Lawn,  Newtown,  Pythouse,  Linley,  and  Summerleaze ;  rising  at  the  first  two  of 
these  places,  nearly  as  high  as  the  summit  of  Stop-Beacon,  and  out-topping  the  chalk  immediately 
on  the  north  of  the  valley.     The  hill  at  Newtown  is  higher  than  the  top  of  Castleditches. 

The  disposition  of  the  beds  on  both  sides  of  the  Nadder  westward,  accords  with  that  in  the  eastern 
portion  of  the  valley;  the  dip  at  Chicksgrove  Mill  being  about  east  25^  south ;  and  at  an  old  quarry 
near  the  syllable  -ton  in  the  word  Hazelton  of  the  Ordnance  Map,  south  about  40^  east.  On  the 
south  of  the  road  from  Newtown,  immediately  below  the  letters  ho  in  the  word  Pythouse^  the  dip 
is  likewise  nearly  south,  at  an  angle  of  about  22^,  but  this  rapid  inclination  may  be,  in  part,  the 
resuk  of  subsidence.  On  the  north  of  the  anticlinal  line  the  beds  dip  rapidly  in  an  opposite 
direction.  Thus,  at  Linley  on  the  west  of  Lower  Lawn  and  Summerleaze,  and  on  the  north  of 
Ashley  Wood  east  of  the  line  of  Ponds,  where  the  Portland  strata  come  very  near  to  the  ridge  of 
Upper  green-sand,  the  dip  is  almost  directly  north.  In  a  quarry  west  of  the  road  from  Tisbury 
to  Fonthill,  it  is  north  dO^  east,  at  an  angle  of  about  20^,  and  the  beds  are  much  shattered  by 
fissures. 

Excellent  sections  of  the  upper  Portland  beds  are  displayed  in  the  quarries  on  the  ravine 
between  the  village  of  Chilmark  and  Penthurst  Bridge  (See  PI.  X.  a..  No.  IS,  line  A  B.) ;  where 
the  strata  are  inclined  to  the  east  10^  south,  between  3^  and  4^  Among  the  loose  matter  at  the 
top  of  these  quarries  is  botryoidal  carbonate  of  lime,  passing  into  compact  freshwater  limestone, 
— ^like  the  '<  Cap "  of  Portland,  and  the  stone  called  "malm'',  at  Garsington  in  Oxfordshire. 
The  uppermost  Portland  beds  here  afford  beautiful  specimens  of  a  fine-grained  oolite  like  that 
of  the  "  roche "  in  Portland :  but  the  stone  in  some  places  alternates  with  sand,  and  has,  in 
genera],  a  very  sandy  character. 

The  principal  quarries  of  the  Vale  of  Wardour  are  in  the  vicinity  of  Tisbury ;  and  some  of  the 
best,  when  I  was  in  the  country,  were  near  the  road  from  that  village  to  Fonthill  Gifibrd.  The 
stone  is  more  like  that  of  this  formation  in  the  Isle  of  Purbeck,  than  in  Portland  itself,  and 
of  a  darker  hue.  A  continuous  bed  of  flint,  about  2  inches  thick,  in  one  of  these  quarries 
(Bevis*s)  had  supplied,  I  was  informed,  the  beautiful  specimens  of  corals  in  chalcedony,  which 
are  found  in  collections  from  this  part  of  England.  Among  the  fossils  I  obtained  at  Tisbury  are 
Astarte  cuneatOf  Ammonites  biplex  in  chalcedonic  flint ;  Ammoniies  giganteus  of  great  size,  Nerita 
tmuosay  Terebra  Portlandicaf  Turritella  excavata  (Cerithhtm  ?  excavatum).  A  full  enumeration  of 
the  species  found  here,  and  generally  of  the  fossils  of  the  Vale  of  Wardour,  was  drawn  up  by 
Miss  Benett  for  Sir  R.  Colt  Hoare's  History  of  Wiltshire ;  separate  copies  of  which,  illustrated  by 
plates  of  some  of  the  new  species,  have  been  presented  by  that  lady  to  her  friends  ^. 

The  continuity  of  the  strata  hereabouts  is  frequently  interrupted  by  chasms,  locally  called  "lets  ", 
like  those  of  Portland  (wp-a,  p.  218.)  and  of  Oxfordshire;  in  which  the  beds  are  abruptly 
broken  off,  and  the  intervals  filled  with  rubble  and  looser  materials,  to  a  perfectly  level  surface, 
covered  with  a  uniform  coat  of  vegetable  soil. 

Portland  Sand. — I  saw  no  place  in  the  Vale  of  Wardour  in  which  the  beds  immediately  beneath 
the  Portland  stone  were  exposed ;  but  I  believe  that  the  Portland  sand  occupies  a  great  part  of 
the  descent  from  Pythouse  to  the  plain  on  the  west  of  it ;  and  in  crossing  from  Newtown  to  Ha- 
zelton this  group  seems  to  be  disclosed  immediately  below  the  latter  village,  springs  breaking  out 
along  the  line  of  contact.     If  this  be  correct,  the  bluish  gray  strata,  occasionaUy  visible  in  the 


*  "  A  Catalogue  of  the  Organic  Remains  of  the  County  of  Wilts,"  4to,  Warminster,  1831. 
VOL.  IT. SECOND  SERIES.  S  L 
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itreBini  on  the  north  and  eut  of  that  point,  must  be  referred  to  the  Portland  sand ;  which,  there- 
fore, aeema  here  to  be  more  like  that  of  the  coaat  than  of  Oxfordshire  and  Buck*.  At  Tisbury, 
I  waa  informed,  sand  ia  found,  but  not  more  than  18  inches  (hide,  beneath  the  loweit  beda  of 
the  Portland  stone. 

Kimmeridge  Clay. — The  whole  of  the  level  tract  on  the  west  of  the  opening  of  the  vale  seems 
to  be  occupied  by  clay;  and  this  I  have  referred  to  that  of  Kinnneridge,  on  the  following 
grounds,  which,  it  must  be  acknowledged,  are  not  very  satisfactory.  The  gault  and  this  clay 
come  into  contact,  on  the  north  of  Shaftesbury,  and  beneath  the  heights  of  green-taad  at  East 
and  West  Knoyle, — in  consequence  of  an  overlapping  of  the  whole  cretaceous  group,  analogous 
to  what  is  obserrable  in  Devonshire.  The  lower  clay,  which  is  used  for  brick-making  on  the  west 
of  Shaftesbury,  contains  Panoptea  dtpresta,  and  casts  of  Ammonites  like  those  of  Kimmeridge, 
with  other  fossils,  and  includes  a  band  of  Septaria,  there  called  "  Turtle- stone  ".  I  myself  found 
a  Pullastra  1  about  a  mile  aouth-west  of  Pythouse,  at  the  brick-field  of  Great  Mead  (or  Moat) 
on  the  north  of  Semley ;  and  Miss  Benett  states  that  clay  with  the  Kimmeridge  Ibesila  occurs  at 
Binley  Farm  (Qtke.  Linley  of  the  Ordnance  Map  ?),  on  the  west  of  Pytbouae.  I  did  not  beai  of 
any  bed  of  stone  between  the  heights  of  Shaftesbury  and  Knoyle.  It  is  not,  however,  impro- 
bable, that  outliera  of  the  gaidt  or  Upper  green-sand  may  exist  within  that  tract.  But  whether 
the  Oxford  clay  also  does  not  occur  in  the  remoter  part  of  the  low  coantry  on  the  west  of  the 
escarpment, — the  Oxford  oolite  as  well  as  the  Portland  strata  being  wanting  there, — 1  could 
not  ascertain. 

(196.)  Stourkead. — I  regret  that  it  was  not  in  my  power  to  examine  the 
heights  on  the  west  of  Mere,  which,  according  to  Mr.  Greenough's  Map, 
consist  of  the  green-sands  projecting  beyond  the  chalk  escarpment ;  since, 
from  the  information  of  a  friend,  to  whom  I  am  indebted  for  the  subjoined 
sketch  and  list  of  the  strata,  the  Lower  green-sand  may  be  more  conspicuous 
there  than  on  the  confines  of  the  Vale  of  Wardour;  which  would  prove 
that  this  group,  like  the  Upper  sand,  is  alternately  expanded  and  again  re- 
duced in  bulk  and  development. 

The  subjoined  section  extends  from  the  chalk  on  the  east  of  Stourhead,  to  the  clay  beneath 

the  hill  on  which  Alfred's  Tower  is  placed,  which  is  said  to  be  817  feet  above  the  sea. 

WiiuSltet  BilL 
rin/i     Jtlth-d't 
tit  urn    Toner 


1 .  Represents  the  Upper  Ciialk. 

2.  Chalk  Marl,  here  called  "  Malm".     In  this  a  well  had  been  sunk,  which  afforded  the 
following  strata,  by  report  of  the  wetl-sinker  : — 

a.  "  Malm"  ;  like  the  chalk-marl  of  Lewes  in  Sussex,  Tull  of  the  characteristic 
fossils :  sharks'  teeth  in  great  abundance 

6,  "  White  Stone"  ;  so  called,  but  in  reality  radier  gray  or  green  :  full  of  Ammonilcs, 
many  of  which  preserve  their  iridescent  coats 
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Feet 

3.  c.  **  Chert  "•     At  the  lower  part  rubbly ;   and  there  the  water  rose dO 

This  stratum  is  visible  in  immediate  contact  with  the  sand  (4.),  above  the  Temple, 

on  the  brow  overhanging  the  lake. 

4.  Sand;  constituting  the  whole  of  the  elevated  platform  on  which  Stourhead  House 
is  placed,  and  extending  westward  about  two  miles,  to  Alfred's  Tower.  It  is  a  loose 
sand,  with  huge  concretional  masses  of  stone  of  similar  composition.  [^Quce.  the 
**  cowstones  "  of  the  Devonshire  coast  f ]  Fossils  are  abundant  in  the  upper  beds :  the 
lower  are  more  ferruginous. 

5.  Clay ;  probably  that  of  Kimmeridge  ?• — (or  Gault  ?) 

From  a  comparison  of  this  list,  with  the  sections  in  the  Vale  of  Wardour,  of  which  the  beds 
here  represented  are  a  prolongation,  I  should  have  been  disposed,  but  for  the  opinion  of  my 
correspondent,  to  regard  the  series  as  coinciding  with  that  of  Ticklepath  Hill  (PI.  X.  a..  No,  13., 
line  G  H),  and  East  Knoyle :  the  Lower  green-sand  being  indistinct  or  wanting; — which  is  pro- 
bable from  the  absence  of  gault  between  the  **  chert"  (3.),  and  the  sand  below  it.  In  this  case, 
the  gault  would  be  inferior  to  the  sand  (4.),  and  perhaps  a  portion  of  the  "clay"  (5.).  If 
the  clay  be  exclusively  that  of  Kimmeridge,  the  gault  must  be  looked  for  above ;  and  a  part 
of  (4.)  might  then  represent  the  Lower  green-sand,  which,  we  shall  find,  occurs  distinctly  in  the 
vicinity  of  Devizes,  about  twenty  miles  from  this  place. 

(137.)  Fale  of  Warminster. — The  relations  of  the  strata  here  are  shown 
in  the  section^  PI.  X.  a.^  No.  14.^  on  a  line  nearly  from  north  to  south.  The 
denudation  in  this  valley  having  cut  less  deeply  than  in  the  Vale  of  War- 
dour^  the  Gault  is  the  lowest  bed  brought  into  view ;  and  this  only  in  the 
deeper  parts  of  the  streamlets.  Excellent  sections  of  the  Upper  green-sand 
are  visible  around  the  town  of  Warminster ;  the  beds  which  contain  chert 
beings  in  all  cases^  near  the  top^  and  the  lower  part  almost  pure  gray  or 
greenish  sand. 

The  Oault,  at  Crockerton,  is  a  somewhat  micaceous  bluish  clay,  affording  many  of  the  cha- 
racteristic fossils ;  and  along  with  these  Miss  Benett  has  obtained  masses  of  a  gum  or  resm, 
supposed  to  resemble  that  found  in  the  London-clay  at  Highgate,  which  has  obtained  the  name  of 
Fossil  Copal*.  I  refer  to  the  subjoined  list,  for  the  fossils  which  I  myself  obtained  here ;  and 
to  Miss  Benett's  Catalogue  already  quoted,  and  that  annexed  to  Mr.  Lonsdale's  paper  hereafter 
mentioned  f,  for  a  much  more  complete  enumeration. 

(138.)  Ldst  of  Fossils  of  the  Vales  of  Wardour  and  Warminster,  in 

South  Wiltshire. 

[Upper  Green-sand,^ 

Ammonites  mantle.  Vale  of  Wardour,  at  the  contact  of  the  Upper  green-sand  and 
the  gault;  in  conglomerate  of  green-sand. 

A varians.    Ridge ;   in  a  compact  fine-grained  rock,  approaching  to  what  is 

called  "  marlstone  "  at  Dean's  Farm,  west  of  Farnham  in  Surrey  (page  160,  line 
10,  &c.).    East  Knoyle,  between  Upton  and  Chapel  Farm,  in  the  lowest  chalk. 


• 


Aikin's  Manual  of  Mineralogy,  2nd  edition,  p.  44. ;  W.  Phillips's  Mineralogy,  Srd  edition, 
t  Geol.  Trans.,  Second  Series,  vol.  iii.  p.  276. 
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Exogyra  conica.  In  great  abundance.  Vale  of  Wardour :  Castleditches  Hill : 
Norton  Bavant ;  and  Hernsham  Street.    Vale  of  Warminster. 

Gryphaa  vesiculosa.  Vale  of  Wardour  :  between  the.  Bull  Inn  and  Sutton  Mande- 
ville  ;  between  Barford  Street  and  Baverstock  Church ;  Castleditches;  Fovant^ 
lowest  beds ;  Ridge  ;  Dinton,  upon  Turritella  granulaia  ?. 

Inoceramus  ?  Between  Upton  and  Chapel  Farm.  East  Knoyle ;  in  the  lowest  chalk, 
with  green  particles. 

Natica  ?     In  green-sand  rock ;  somewhat  slaty  :  Fovant  ?  or  Teffont. 

Osirea.    Between  the  Bell  Inn,  and  Sutton  Mandeville. 

Pecten  orbicularis.  Vale  of  Wardour  :  Hernsham  Street ;  Fovant  Quarry:  Castle- 
ditches ? 

P quadricostatus.    Vale  of  Wardour  :  Hernsham  Street,  in  soft  green  sandrock. 

Spatangus  Bucardium}  (Goldf,  Tab.  49,  f.  1.)    Vale  of  Warminster. 

S  granulosus  ?  (Goldf.,  Tab.  45.  f.  3.)     Vale  of  Warminster. 

Turritella  granulaia}     Vale  of  Wardour  :  Dinton. 

Vermetus  umbonatus.    Ridge. 

Ammonites  auritus.    Vale  of  Warminster:  Crockerton? 

A Benettias.  Vale  of  Warminster.  Crockerton.  A  large  specimen  sur- 
rounded with  branched  vermicular  stems,  composed  of  greenish  sandy  shale: 
preserving  its  iridescence. 

A Beudanlii.    Vale  of  Wardour :  Ridge. 

A dentatus.     Ridge;  with  nodules  of  phosphate  of  lime.  Crockerton;   in 

a  mass  composed  of  phosphate  of  lime. 

A new:  Mied  io  denlaius.     Crockerton. 

A lautus,     Crockerton. 

A monile.     Crockerton.     Interior  occupied  by  chalcedony  ;  the  thin  coating 

which  remains  in  the  place  of  the  shell  itself  is  opake,  white,  effervescent,  and 
has  the  pearly  lustre. 

A planus.     Crockerton  :  shell  iridescent. 

A Rholomagensis,     Ridge. 

A Selliguinus  ?     Ridge. 

A tuberculatus.     Ridge. 

A varicosus.    Ridge. 

Astacus,    The  abdomen,  and  portions  of  a  claw.     Ridge. 

Auricula  injlata.     PI.  XI.  f.  11.    Ridge? 

Belemnites  attenuatus.     Ridge  ? 

Caryophi/llcea.     Ridge. 

Ct/tfierea  parra}  ( Feww5,  Min.  Con.)     Ridge. 

Dentalium  decussatum.     Ridge. 

D elliptkunu     Vale  of  Wardour. 

Hamites  attenuatus.     Vale  of  Wardour. 

Inoceramus  concentricus.     Vale  of  Wardour. 
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Inoceramus  sulcatus.    Vale  of  Wardour. 

Naiica.  Two  indistinct  specimens^  probably  of  different  species.  Vale  of  War- 
dour. 

Nueula  pectinata.    Crockerton. 

Pecten  orbicularis.    Crockerton. 

Pectunculus  umbonatus.     Ridge.     Crockerton  :  bottom  of  the  clay. 

PenlacrinuSy  joints  of.  PI.  XL  fig.  4.  Vale  of  Wardour :  same  species  as  at  Folk- 
stone. 

Plagiosioma  elongaium.    Ridge. 

RosteUaria  carinata.    PI.  XI.  fig.  19.     Ridge. 

Serpuh.    Crockerton  :  filled  with  phosphate  of  lime^  in  clay. 

Solarium  conoideutn.     PI.  XI.  fig.  14.     Vale  of  Wardour  :  preserves  its  iridescence. 

S ornatum.     PI.  XL  fig.  13.     Vale  of  Wardour :  probably  from  Ridge. 

Terebratula  ovata  ?     Crockerton  :  in  pyrites. 

T .  Ridge  :  in  a  Septarium  of  phosphate  of  lime,  with  thin  veins  of  calca- 
reous spar. 

Trigonia  alieformis.  Vale  of  Wardour :  below  Fovant  ?  in  clay,  with  numerous 
green  particles. 

Venericardia  tenuicosta.   PI.  XL  fig.  7*.    Vale  of  Wardour :  in  Crockerton. 

Venus  parva  ?     (See  Cytherea.) 

• 
Fish.    Teeth :  Vale  of  Wardour.     Vertebrae  and  rays :  Ridge. 

[Purhech  Strata.'] 

Cardium  ?     Castleditches :  Purbeck  (or  Portland  ?)  stone. 

Corbula  ?     Between  Dallard*s  Farm  and  Catherine  Ford  :  with  Cyclas. 

Cyclas  angulata.  PI.  XXL  fig.  12.  Between  Dallard's  Farm  and  Catherine  Ford  : 
with  Cypris  granulosa^  PI.  XXL  fig.  4.  in  slaty  Purbeck  stone;  with  Corbula 
and  Ostrea.  Lane  above  Benston,  near  Chicksgrove  :  with  Cypris  and  Modiola. 

C elongata.  PI.  XXI.  fig.  9.   Teffont :  with  Cyclas  membranacea. 

C major  ?  Between  Dallard's  Farm  and  Catherine  Ford.  Purbeck ; — or  Has- 
tings sand  ? 

C media.     PI.  XXL  fig.  10.     Between  Dallard's  Farm  and  Catherine  Ford :  in 

slaty  limestone ;  some  specimens  of  which  are  almost  composed  of  this  shell. 
Dashlet,  between  Teffont  and  Penthur&t,  with  Cypris.  Ladydown  Tile-pits^ 
composing  nearly  the  whole  of  the  slaty  stone.  Between  Ham-cross  and  Chicks- 
grove,  with  Cypris  Valdensis.  Fovant  Wood.  Teffont :  in  slaty  limestone,  ap- 
parently the  top  of  the  Purbeck,  with  Cypris  Valdensis. 

C  media :  A  gibbose  variety ;  as  at  Penhurst,  near  Battle  in  Sussex,  (supra, 
p.  177.)    PI.  XXL  fig.  11.    Vale  of  Wardour,  with  Cypris  Valdensis. 

C membranacea.    Teffont :  with  Cyclas  media  and  Ostrea. 

C parva}.   PI.  XXL  fig.  7.  Between  Ham-cross  and  Chicksgrove  :  with  Cypris 

and  Paludina  elongata.  Dallard's  Farm,  where  many  of  the  Cyclas  casts  are  full 
of  the  valves  of  Cypris. 
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Cypris  granulosa.  PI.  XXI.  fig.  4.  Between  Dallard's  Farm  and  Catherine  Ford : 
with  Cyclas,  in  slaty  Purbeck  stone ;  also  with  Cyclas  and  Modiola,  in  gray 
freshwater  limestone.     Dashlet,  between  Penthurst  and  Teffont. 

C Valdensis.     PI.  XXI.  fig.  1.     Vale  of  Wardour.      Ladydown   Tile-stone 

pits :  with  a  variety  of  Cyclas  media.  Between  Teffont  and  Penthurst.  Be- 
tween Ham-cross  and  Chicksgrove ;  Teffont ;  and  stone  pits  south  of  Ridge ; 
with  Cyclas  media. 

Modiola.  Dashlet ;  between  Penthurst  and  Teffont:  in  decomposed  slaty  limestone. 
Between  Dallard's  Farm  and  Catherine  Ford  :  with  Cypris,  in  gray  freshwater 
limestone. 

Ostrea  distorta.  PI.  XXII.  fig.  2.  Quarry,  below  Fovant ;  in  very  compact  stone, 
like  mountain  limestone.  Between  Dallard's  Farm  and  Catherine  Ford  :  with 
Cyclas.    Teffont :  with  Cyclas  media^  and  C.  membranacea. 

Paludina  elongata.  Between  Ham-cross  and  Chicksgrove :  with  Cyclas  media  and 
Cypris  Valdensis. 

P a  minute  species ;    as  at  Combe-wood,  Oxfordshire.     Stone-pit  south  of 

Ridge. 

Fish.    Remains  of  the  following  species  of  Agassiz  : — 

Lepidotus  minor.    Ladydown  Tile-stone  pits :    some  very  fine  specimens,  like 

those  of  the  Isle  of  Purbeck. 
Pholidophorus  ornatus,  Ag.    Imperfect  remains  of  a  new  species.   Chicksgrove- 
mill  Quarry  :  In  white  slaty  limestone,  full  of  fragments  of  shells. 

^Portland  Stone  J] 

Ammonites  biplex.     Tisbury :  in  chert;  the  shell  chalcedony. 

A Brodicei.     Fon thill  Gifford. 

^ giganteus.    Vale  of  Wardour :  in  chalcedony.    Chicksgrove-mill  Quarry : 

in  gray  limestone  like  chalk.  Same  place :  in  stone  coated  with  rhomboidal  car- 
bonate of  lime.     Tisbury:  in  chert;  the  shell  chalcedony. 

Astrea  Tisburiensis  (Madrepora  Tisburiensis  of  Miss  Benett).  In  dark  chalcedonic 
chert :  a  concretional  bed  subordinate  to  the  Portland  stone,  near  Tisbury. 

Asiarte  cuneaia.  Chicksgrove-mill  Quarry.  Chilmark  Quarry.  Tisbury:  with 
Cerithium  ?  excavatum. 

Buccinum  natico'ide.     PI.  XXIII.  fig.  4.    Vale  of  Wardour. 

Cardium  dissimile.  Vale  of  Wardour.  From  the  lane  above  Berston :  with  Trigonia 
gibbosa.     Tisbury :  in  white  uniform  chalk-like  stone. 

Cerithium  ?  excavatum  (olim  Turritella).  Vale  of  Wardour.  Tisbury  :  with  Astarte 
cuneaia  and  Trigonia  gibbosa.     Ladydown. 

Cancer}  or  Astacus?.  Claw,  with  Trigonia  gibbosa.  In  slaty  limestone.  Lane  above 
Benston. 

Cytherea  ?  rugosa.     PI.  XXII.  fig.  13.     Chicksgrove-mill  Quarry. 
Echinus.     Tisbury. 


Dr.  FiTTON  an  the  Strata  below  the  Chalk.  261 

Exogyra  (new).    Vale  of  Wardour.    Portlatid-Btone? 

Ijucina  Portlandica.    PI.  XXII.  fig.  12.     Lawn  Quarry:  in  sandy  Portland  stone. 

Madiola.  Vale  of  Wardour :  in  compact  sandy  Portland  stone,  Bevis's  Quarry  near 
Tisbury ;  with  Ostrea,  Serpula,  and  palate  bones  offish. 

Mytilus.    Ashley  Wood,  near  Fonthill  Gifford:  in  compact  Portland  rock. 

Natica  elegans.    PI.  XXIII.  fig.  S.     Miss  Bennett's  collection.    Vale  of  Wardour. 

Nerita  sinuosa.    Chilmark  Quarry  and  Tisbury. 

Ostrea  expansa.  Vale  of  Wardour;  Chicksgrove-roill  Quarry;  in  white  chalk-like 
stone. 

O falcata.  PI.  XXIII.  fig.  1.  Chicksgrove-mill  Quarry: — Top  of  the  Portland. 

O undukUa.    Vale  of  Wardour :  in  white  chalk-like  stone. 

Pecien  lamellosus.  Vale  of  Wardour.  Chicksgrove-mill  Quarry.  Shaver's  Bridge, 
Tisbury  Parish:  with  Ostrea,  very  young.  Fonthill.  Lawn  Quarry;  with 
Jjucina  Portlandica,  in  sandy  Portland  stone. 

Serpula.  Bevis's  Quarry,  near  Tisbury :  with  Modiola^  and  palate-bones  of  fish ; 
in  compact  sandy  Portland  stone. 

Terebra  Portlandica.  PI.  XXIII.  fig.  6.    Tisbury :  casts  of  interior,  not  effervescent. 

Trigonia  gibbosa.  Vale  of  Wardour :  Castleditches ;  with  a  minute  Turbo.  A  lane 
above  Benston,  near  Chicksgrove  ;  with  Cardium  dissimile^  crab's  claws,  and  an 
Ostrea,  in  white  chalk-like  limestone.  Chicksgrove-mill  Quarry.  Teffont.  Tis- 
bury.    Fonthill  Gifford:  in  chalcedony. 

T incurca.     (Miss  Benett.)     Vale  of  Wardour. 

Ttir&o (minute.)    Castleditches:  with  Trigonia gibbosa. 

Turriiella  excavata.     (See  Cerithium.) 

Fishy  part  of  a  palate.     Tisbury. 

[Portland  Sand  (or  Kimnieridge  Clay  ?).] 

Ammonites  biplex.    Chicksgrove  Mill :  in  sandy  clay  at  the  bottom  of  the  quarry. 

A Cast.    Brickyard  near  Shaftesbury. 

Panopcca  depressa.  {Mya^  Min.  Con.).  PI.  XXIII.  fig.  9.  Near  Shaftesbury  :  in  clay. 
Some  specimens  very  large. 

North  JViltshire. 

(139.)  Devizes,  Calne. — My  knowledge  of  the  country  from  the  Vale  of 
Wardour  to  the  vicinity  of  Calne  is  due  to  my  friend  Mr.  Lonsdale^  with 
whom  I  had  the  pleasure  of  going  over  a  part  of  it^  in  the  year  1827. 
Mr.  Lonsdale  himself  has  aince  published  a  very  important  paper  on  the 
oolitic  district  of  Bath^  which  is  accompanied  by  sections^  three  of  which  in- 
clude the  strata  under  consideration  in  this  paper ^;  and  he  has  been  so  kind 

*  Geol.  Trans.,  2nd  Series,  vol.  iii.  p.  243,  Plate  XXXII.     The  course  of  these  sections  is  ex- 
pressed in  the  Map,  Plate  IX.,  by  the  dotted  lines  adjacent  to  No.  15.  and  16. 
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as  to  furnish  me  with  two  additional  sections^  Nos.  15.  and  16.  (Plate  X.  a.) 
which  may  be  considered  as  supplementary  to  those  above  mentioned ;  the 
firsts  No.  15.^  running  east  and  west,  from  Etchilhampton  Hill  south-east  of 
Devizes^  to  the  Kimmeridge  clay  beneath  the  green-sand  which  caps  the 
heights  of  Poulshot  Green  :  the  second.  No.  16.,  from  the  lower  chalk  at 
Beacon  Down,  through  Sandridge  Hill,  which  is  capped  with  the  Lower 
green-sand  over  Kimmeridge  clay  and  Oxford  oolite,  to  the  Oxford  clay 
around  Melksham,  where  the  canal  is  about  154  feet  above  the  sea*.  The 
sections  themselves  sufficiently  explain  the  general  relations  of  the  strata  ; 
and  for  an  account  of  their  composition  I  refer  to  Mr.  Lonsdale's  paper; 
regretting  only  that  his  colouring  of  the  Ordnance  Maps  of  that  part  of 
England  still  remains  unpublished. 

The  town  of  Devizes  stands  upon  a  platform  of  the  Upper  green-sand,  which  is  there  about 
430  feetf  above  the  sea»  and  is  overlooked  by  the  chalk  of  Etchilhampton  Hill  and  the 
adjacent  heights.  And  here,  as  throughout  the  tract  from  hence  to  Swindon,  the  contrast  be- 
tween the  upper  and  lower  chalk  is  very  remarkable,  both  in  external  features  and  agricultural 
character. 

The  ground  near  Westbury  rises  with  such  rapidity,  that  the  distance  between  the  outcrop  of 
the  upper  chalk  and  of  the  Upper  green-sand  is  less  than  a  mile ;  and  on  the  north-east  of  that 
town  the  slope  is  still  more  rapid.  But,  thence  towards  the  north  and  east,  a  great  superficial 
extent  of  the  lower  beds  is  exposed  in  the  Vale  of  Pewsey,  which  consists  of  the  Upper  green- 
sand  surmounted  by  detached  portions  of  the  chalk-marl  and  lower  chalk,  the  latter,  in  some 
cases,  rising  into  summits  of  considerable  elevation. 

The  outcrop  of  the  Upper  green-sand  and  Gault  has,  in  general,  though  irregularly,  a  northern 
direction,  from  about  Great  Cheverell,  through  Pottern, — to  Heddington,  about  three  miles  north 
of  Devizes.  On  the  south  of  the  Vale  of  Pewsey,  the  Lower  chalk  is  disclosed  by  denudation,  on 
a  line  almost  due  east  from  Easton  Hill, — through  St.  Ann*s  Hill,  Milk  Hill,  Golden  Ball,  Hewish, 
Martensell^  and  Terrace  Hills ;  and  thence  westward  through  Easton,  Milson,  Pewsey  field.  Up- 
avon,  Cleeve  Hill,  and  the  slope  thence  towards  Urchfont,  and  southward  to  the  upper  part  of 
West  Lavington.  The  outcrop  of  the  Upper  chalk,  after  forming  a  bold  escarpment,  between 
Westbury  and  Cheverell  Hill,  is  thrown  back  towards  the  east,  forming  the  heights,  along  which 
the  Ridgeway  is  conducted,  between  Gincross  by  Bushton  Down  to  Wivelsford.  The  Ridgeway, 
which  runs  on  the  verge  of  the  ridge  bounding  the  wide  tract  of  Blackheath,  is  first  directed 


*  This  and'some  other  heights  mentioned  hereafter,  are  derived  from  Bradshaw's  map  of  the 
canals  of  England,  and  are  counted  from  low- water  mark  at  Liverpool.     (See  Appendix  C.) 

t  429  feet  6  inches  above  low-water  at  Liverpool.  At  this  level  the  Kennet  and  Avon  canal  is 
continued  in  a  direction  nearly  parallel  to  the  heights  of  chalk,  as  far  east  as  the  vicinity  of 
Wooton  Rivers,  where  it  rises  to  462  feet  6  inches  (the  summit  level)  to  surmount  a  narrow  neck 
of  elevated  ground  on  the  north  of  Burbage  : — and  thereabouts  the  streams  divide  ;  one  group 
running  west,  throug  Pewsey,  to  join  the  Avon  near  Upavon  ;  the  other  north-eastward,  along 
a  valley  descending  rapidly  from  north  to  south,  through  Great  and  Little  Bedwin ;  and  thence 
through  Salisbury  to  the  sea  at  Christchurch. 
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to  the  east  of  north,  between  Gore  Cross  and  Bushton  Down,  but  turns  suddenly  eastward  im- 
mediately on  the  south  of  Urchfont.  On  the  east  of  the  Avon,  the  range  of  the  upper  chalk  is 
less  distinct ;  but  it  is  directed  towards  the  parting  of  the  streams  on  the  south  of  Burbage. 

The  difference  between  the  upper  and  the  lower  chalk  is  very  well  expressed  in  the  Ordnance 
Maps,  especially  in  the  more  recent  sheets,  which  are  engraved  with  more  lightness  and  deli- 
cacy of  expression  than  some  of  their  precursors.  The  great  natural  district  of  Salisbury 
Plain,  more  than  twenty-five  miles  in  extent  from  west  to  east,  and  twelve  miles  from  north  to 
south,  though  diversified  by  numerous  irregularities^  is  almost  wholly  destitute  of  streamlets ; 
and  would  be  without  running  water,  but  for  the  presence  of  the  more  considerable  rivers,  which, 
in  many  cases,  do  no  more^averse  the  surface  of  this  region,  the  greater  part  of  their  supplies 
being  derived  from  a  different  soil,  and  remote  situation.  This  point  of  structure  is  known  to 
be  so  characteristic  of  the  Upper  chalk,  both  in  England  and  France,  that  good  maps  alone, — such 
as  that  of  the  Ordnance,  or  even  of  Cassini's  map  of  France,  would  be  sufficient  to  indicate  the 
9^ce  occupied  by  this  stratum.  In  the  tracts,  on  the  contrary,  occupied  by  the  Lower  chalk — 
and  still  more  decisively  in  the  Chalk  marl,  few,  even  of  the  smaller  valleys,  are  without  streams; 
and  hence,  as  well  as  from  the  difference  in  soil,  the  vegetation  also  is  different,  and  the  fertility 
of  the  lower  regions  forcibly  contrasted  with  the  naked  and  barren  aspect  of  the  higher  downs. 
Were  it  not  that  the  colour  is  so  nearly  alike,  these  two  groups  would  no  doubt  have  been 
distinguished  in  geological  maps  by  different  hues ;  and  they  ought  to  be  so,  wherever  the  scale 
is  sufficient  to  express  the  distinctive  features  above  mentioned. 

(140.)  Vale  of  Pewsey. — The  general  structure  of  this  tract  is  fully  de- 
scribed in  the  excellent  paper  of  Dr.  Buckland  to  which  I  have  already  re- 
ferred.    It  is,  in  fact,  a  valley  of  elevation :  its  eastern  and  narrower  portion 
being  a  continuation  of  the  anticlinal  ridge,  which  Dr.  Buckland  has  described 
as  extending  from  the  south-east  of  Inkpen  in  Berkshire  to  the  west  of  Shal- 
bourne  and  Ham ;  where  the  Upper  green-sand  has  been  brought  to  the  sur- 
face by  subterraneous  force,  but  is  separated  by  a  sort  of  bridge  of  the  Lower 
chalk,  about  Burbage,  from  the  portion  of  the  former  stratum  which  has  been 
elevated  in  the  same  manner  within  the  Vale  of  Pewjjey  itself.     At  the  open- 
ing of  the  Vale.,  however,  between  Great  Cheverell,  Urchfont,  and  Devizes, 
DO  derangement  is  apparent,  though  it  is  very  probable  that  the  surface  is 
disjointed  by  less  perceptible  fissures; — the  Lower  green-sand,  continuously, 
occupying  the  whole  of  the  entrance  of  the  vale;  as  is  expressed  on  the  map, 
and  more  distinctly  shown  in  fig.  4.  of  Mr.  Lonsdale's  sections.     It  will  be 
observed  that  the  beds  immediately  below  the  chalk  are  here  more  fully  de- 
veloped than  in  the  Vale  of  Wardour,  the  Lower  green-sand  being  per- 
fectly distinguishable;  as  might  have  been  expected,  from  the  proximity  oV 
this  place  to  the  great  expanse  of  that  stratum  in  Surrey  and  Hampshire : 
and  these  subdivisions  continue  to  be  distinct  through  the  northern  counties 
as  far  as  the  coast  of  Norfolk.     The  small  number  of  fossils  which  I  could 
obtain,  in  addition  to  those  enumerated  in  Mr.  Lonsdale's  paper^,  are  men- 

^  Geol.  Trans.,  2nd  Series,  vol.  iii.  p.  266,  &c. 
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tioned  in  the  list  subjoined.  One  of  the  most  remarkable  is  the  Diceras 
Lonsdalii,  PI.  XIII.  fig.  4,  for  some  very  fine  casts  of  which  I  am  indebted 
to  Mr.  Goodhall. 

No  trace  of  any  member  of  the  Wealden  group,  nor  of  the  Portland  series, 
has  yet  been  observed  in  this  quarter ;  and  it  will  be  seen  from  the  Section, 
No.  16.,  that  the  Kimmeridge  clay  and  Oxford  oolite  thin  out  rapidly  in 
rising  towards  the  west  at  Sandridge  Hill. 

(141.)  Swindon. — I  am  indebted  also  to  Mr.  Lonsdale  for  my  first  infor- 
mation as  to  the  existence  of  the  Portland  stone  and  sand  at  this  place, — and 
the  occurrence  there  of  large  nodular  masses  of  stone  identical  with  those  of 
Shotover  in  Oxfordshire,  and  of  the  French  coast  near  Boulogne.  The  Section, 
PI.  X. a., No.  17.,  explains  the  succession  and  general  relations  of  these  strata. 
It  will  be  remarked,  that  the  Lower  green-sand  is  distinguished  from  the 
Upper  by  the  interposition  of  the  Gault*:  but  though  the  Portland  stone 
forms  one  of  the  most  prominent  features  of  this  Section,  no  trace  either  of 
the  Weald-clay  or  the  Hastings-sands  has  yet  been  observed  above  it^  and 
the  indications  of  the  Purbeck  strata  are  inconsiderable. 

Chalk. — The  remarks  above  stated  on  the  contrast  between  the  spaces  occupied  by  the  Upper 
and  the  Lower  chalk,  apply  with  even  greater  force  to  the  tract  between  Calne  and  Swindon,— or 
more  properly  between  Cherhill  and  Liddington, — than  to  Salisbury  Plain.  The  heights  from 
Hackpen  to  Barbury  Hill,  that  of  Liddington  Castle,  and  the  high  range  thence  to  Polton  Down, 
forming  prominences  above  the  lower  chalk  on  the  west  and  north* west,  and  bounding  an  extensive 
district,  distinguished  by  the  absence  of  streamlets  and  other  characters  from  the  more  fertile 
regions  of  the  lower  chalk  and  chalk  marl. 

Between  Barbury  and  Liddington  Castle,  the  Upper  chalk  retires  to  the  south  and  east  towards 
Ogbourn  St.  George,  so  as  to  form  a  sort  of  amphitheatre.  The  outline  of  the  higher  summits 
when  seen  from  sufficient  distance,  is  in  many  cases  almost  rectilinear  and  horizontal;  of  which 
the  ridge  between  Ogbourn  St.  George  and  Ogbourn  St.  Andrew  affords  a  good  example. 

The  Lower  chalk  forms  a  lower  and  uniform  escarpment  from  Compton  Basset  on  the  east  of 
Calne  to  the  village  of  Liddington,  and  thence  northward  nearly  to  Little  Hinton  and  Bishop- 
stone.  From  the  lower  beds  at  Liddington  a  copious  spring  breaks  out,  in  a  position  analogous  to 
that  of  Lydden-spout  on  the  coast  near  Folkstone  (8.),  and  of  the  range  of  springs  which  every- 
where appears  at  the  foot  of  the  chalk  downs  (70.) 

Enormous  masses  of  siliceous  grit  (Grey  wethers),  like  those  which  occur  in  profusion  near 
Marlborough,  and  in  several  places  over  the  great  chalk  district  on  the  south  of  that  place,  are 
sometimes  found  here  beyond  the  chalk  escarpment.  One  of  these,  about  12  feet  by  8  in  its 
diameters,  was  about  a  mile  from  the  chalk-hill  at  Burdrop  Wood ;  and  with  these,  in  some  instances, 
are  masses  of  siliceous  conglomerate, — the  Hertfordshire  pudding-stone. 

*  In  the  Hrst  edition  of  Mr.  Greenough's  map,  the  spaces  assigned  to  the  Chalk  and  Green- 
sands  here,  are  erroneous  :  the  boundary  of  the  latter  on  the  north-west  being  really  that  of  the 
lower  chalk ;  and  that  of  the  Chalk,  as  expressed  in  the  map,  being  truly  the  limit  of  the  upper 
chalk  only. 
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The  Upptr  green-tand,  from  Wroughtoo  to  Warborough,  includes  dark-colouTeil  liliciferoiu 
stODe,  containing  mica  and  green  particles.  The  fonnaiion  occupies  a  slightly  prominent  step 
beneath  the  sloping  escarpment  of  the  lowest  chalk.  Its  thickness  is  probably  between  30  and  50 
feet  (see  the  Section,  PL  X.  a.,  No.  17.)  ;  and  it  may  be  traced  throughout  a  space  of  very  irre- 
gular outline  from  the  road  at  Burdrop  Wood  to  Liddington. 

GauU. — Bluish  clay,  of  a  smooth  plastic  texture,  with  numerous  specks  of  mica,  sacceeds  the 
last  formation,  and  occurs  at  considerable  heights  in  the  sloping  face  of  the  escarpments.  It  can 
be  recognised  in  the  lower  ground,  on  the  roadsides,  from  Swindon  to  Burdrop  Park,  and  to 
Liddington ;  but  does  not  here  form  so  distinct  a  valley  or  depression,  as  in  Kent  and  Sussex. 

LotKT  grefn-Mnd. — This,  though  perfectly  distinct,  can  scarcely  be  said  to  form  a  ridge,  as  in 
the  louth-eastem  counties,  afler  rising  from  beneath  the  gault.  It  does,  however,  occupy  a 
alight  wave  or  inequality  of  the  surface,  about  midway  between  Liddington  and  Coate  (see  the 
Section,  PI.  X.  a.  Mo.  17.) ;  and  then  suddenly  thinning  off,  caps  the  heights  at  the  latter  place 
and  at  Swindon.  The  sand  at  the  upper  part  is  very  tough,  either  from  the  presence  of  clay, 
or  a  great  abundance  of  oxide  of  iron.  In  some  other  places  it  is  htose  and  white ;  and  among 
the  Bubstances  fennd  within  its  range  is  Puller's-eartb. 

This  ferruginous  sand,  as  it  approaches  Swindon,  rests,  in  several  places  immediately  upon 
another  sand  of  a  very  different  character,  at  the  top  of  the  Portland  series,  and  the  junction  is 
deserving  of  notice,  the  surface  of  the  latter  sand  being  very  irregular,  as  if  from  erosion  by 
water,  and  the  inequalities  or  prominences  of^en  of  such  tenuity,  as  to  indicate  a  very  tranquil 
condition  of  the  fluid  beneath  which  they  were  formed,  as  well  as  of  that  which  deposited  the 
ferruginous  mass  by  which  they  are  at  present  enveloped  : — which  is  the  more  remarkable,  when  it 
is  considered  that  the  interval  between  the  deposition  of  these  two  sands  must  have  been,  in  point 
of  time,  sufficient  for  the  accumulation  of  ihe  whole  of  the  Wealiicn  group. 

In  one  of  the  quarries,  near  the  top  of  Swindon  Hill,  the  Section  was  thus.     The  bonndary 


between  the  two  kinds  of  sand  being  perfectly  distinct  and  sharp  j  and  the  contrast  was  the  more 
striking,  from  the  lower  being  composed,  in  a  great  measure,  of  minute  fragments  of  shells,  which 
are  wholly  wanting  in  the  incumbent  matter*. 


*  In  Mr.  William  Smith's  .Geological  County  Maps  of  Kent,  Sussex,  Wilts,  Oxfordshire, 
Bucks,  Berkshire,  and  Bedfordshire,  the  stratum  now  known  as  the  Lower  green-sand  is  de- 
scribed as  "  Sand,  in  tl)e  lower  part  of  which  the  Portland  stone  is  found."  To  understand  the 
source  of  this  error,  it  must  be  recollected  that  at  the  period  of  those  publications,  the  existence 
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Purbeck  strata. — The  only  indication  of  this  member  of  the  Wealden  which  I  found  at 
Swindon,  were  detached  masses  of  botryoidal  limestone,  like  the  middle  of  the  "  Cap  ",  in  Port- 
land (p.  222.),  and  fragments  of  dark  brownish  silicified  wood, — fallen,  I  have  no  doubt,  from  the 
top  of  the  quarries,  though  supposed  by  the  workmen  to  occur  amidst  the  stone  itself.  In  the 
looser  matter  also,  near  the  top  of  the  quarries  and  above  beds  of  the  Portland  stone,  are  masses 
including  very  numerous  casts  of  marine  shells  (apparently  Lucina  and  Cytherea),  in  which  the 
cementing  substance  has  the  aspect  of  freshwater  limestone,  and  is  scarcely  to  be  distinguished 
from  a  stone  of  the  same  yellowish  hue,  within  the  Purbeck  series  near  Ridge  in  the  Vale  of 
Wardour ;- — ^but  in  the  latter  the  casts  are  those  of  freshwater  species,  especially  Cyclades.  In 
the  subjoined  sectional  list,  it  will  be  found  that  clay  occurs  in  detached  portions  above  the  Port- 
land stone,  in  the  great  quarry  at  Swindon  ;  but  I  was  not  enabled  to  determine  the  formation  to 
which  it  ought  to  be  referred. 

Portland  stone. — ^The  upper  part  of  this  formation  at  Dayhouse  farm,  east  of  the  Reservoir,  and 
at  Broom  farm  on  the  west  of  that  place  (Section  No.  17.),  abounds  in  the  characteristic  fossils, 
and  is  immediately  subjacent  to  ferruginous  sand.  In  many  of  the  quarries  here,  especially 
in  the  east  of  the  town,  even  the  uppermost  beds  contain  a  large  proportion  of  sand ;  pre- 
senting, in  this  respect,  a  striking  contrast  with  the  top  of  the  series  on  the  south-east  coast, 
but  much  resembling  that  of  the  Lower  Boulonnois,  especially  of  the  quarries  at  Mont  Lambert. 
The  stone  is  generally  dispersed  throughout  this  sand,  in  rugged  and  irregular  concretional 
masses,  which,  as  well  as  the  sand,  contain  numerous  obscure  remains  of  shells,  frequently  in 
the  state  of  a  calcareous  powder. 

The  following  is  a  sectional  list  of  the  strata  in  the  great  quarry  on  the  south-west  of  Swindon, 
which  occupies  a  space  of  no  less  than  fourteen  acres ;  the  beds  rising  from  a  point  a  little  east 
of  south,  at  an  angle  between  1^  and  5^*. 


Section  of  the  Great  Quarry  at  Swindon. 


Ft  In. 

1.  ,901/    0    6 

2.  In  some  places,  immediately  below  the  surface  is  clay,  occasionally  2^  feet  thick,  with  i 

a  slight  covering  of  ferruginous  (Lower  green)  sand.     But  in  several  places  the  thick-  f 
ness  of  this  sand  was  as  much  as  4  feet • J 

3.  Loose  rubbly  stone • 3    C 

4.  A  group,  as  follows  : 

a.  Limestone  full  of  petrifactions.     Cardium  dissimile ;   Cythereal  rugosa^  Pl.XXII.  " 

fig.  13. ;  Gastrochcenal;  Lucina Portlandica,F\. XXll.  fig.  12.;  Pema quadraia ; 
Pleurotomaria;  Terebra  Portlandica,  PI.  XXII I.  fig.  6. ;  Trigonia  gibbosa;  T.in- 
curva;  Long  bones  of  Saurians 

b.  Bluish  grey  limestone 

c.  Clay 

d.  Sofl  limestone,  abounding  in  casts  of  shells 

of  the  Wealden  group  was  unknown ;  and  that  in  point  of  fact,  the  Portland  stone  is  found  in  many 
parts  of  the  counties  above  mentioned,  at  the  bottom  of  the  Lower  green-sand^  and  in  a  group 
which  is  itself  in  part  composed  of  sand  : — so  that  where  the  latter  sand  is  not  well  distinguished, 
as  in  the  section  represented  in  the  woodcut  on  the  last  page,  the  w  hole  might  easily  be  mistaken  for 
one  continuous  stratum.    What  is  stated  above,  explains,  I  believe,  the  true  relations  of  tliese 
sands,  to  each  other  and  to  the  Portland  stone. 

*  A  mill  on  the  north  of  the  hill  was  deprived  of  water  in  consequence  of  the  springs  which 
appear  at  the  junction  of  the  Portland  sand  with  the  clay,  having  been  opened  on  the  south-west 
side  of  it, — so  as  to  tap,  as  it  were,  the  summit,  and  draw  off  the  whole  of  the  water;  the  reten- 
tive surface  of  the  clay  being  inclined  towards  the  south.  This  fact  proves  also  the  continuity  of 
the  beds  which  form  the  top  of  the  hill,  and  the  absence  of  fissures — of  such  depth,  at  least; 
as  to  penetrate  the  clay. 
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Ft  In. 

5.  Alteraate  ranges  of  sand  and  stone. 

a.  Sand,  in  many  places  cream-coloured,  abounding  in  fragments  of  shells,  which  ' 
decompose  into  a  white  powder.    This  includes  6 •.•••••.••• 

5.  Stone,  resembling  that  of  the  Portland  formation  in  the  Isle  of  Purbeck,  evidently 

nothing  more  than  sand  consolidated  by  calcareous  matter.     The  masses,  when  \Z0  0 
discrete,  are  of  very  irregular  figure.     The  stone  becomes  more  abundant  in 
descending ;    and  near  the  bottom  contains  very  large  Ammonites,  A.  biplex, 
A.  gigarUeus  •  •  • • . 


Total about    SO  0 

A  depth  of  about  six  feet  below  the  bottom  of  this  quarry  is  said  to  consist  of  similar  sand  and 
stone. 

Portland  Sand. — The  lower  part  of  this  formation  is  well  displayed  in  an  old  quarry  on  the 
northern  brow  of  Swindon  Hill,  near  the  letter  B  of  the  word  BonUng-grten  in  the  Ordnance 
Map.  The  rock  consists  of  rough  sandy  stone,  of  a  dull  bluish  grey  colour,  like  that  of  the 
upper  part  of  this  formation  in  the  Isle  of  Purbeck,  in  which  are  included  traces  of  several  fossils 
converted  into  carbonate  of  lime ; — Ammonites  biplex,  Pema  quadrataf  Trigonia  gibbosa,  Trigania 
clavellata ;  with  numerous  dark  particles  of  silicate  of  iron,  and  worn  fragments  of  black  chert  or 
flint,  many  of  them  evidently  the  remains  of  casts  of  bivalves  (some  having  the  outline  of  a 
Venus  or  Lucina  ?),  and  of  Ammonites. 

Another  form  which  the  Portland-sand  assumes  here,  is  that  of  great  nodules  of  hard  greenish 
and  grey  calciferous  grit,  precisely  resembling  those  of  Shotover  Hill,  and  of  the  French  coast, 
especially  near  Cape  Grisnez, — and,  as  at  those  places,  imbedded  in  grey  sand :  above  which, 
is  another  bed  of  sand  without  nodules,  containing  green  particles  and  numerous  fragments  of 
black  chert.  Mr.  Lonsdale  had  long  since  mentioned  to  me  these  great  masses,  several  of 
which  were  then  visible  on  the  east  of  the  road  from  Oxford,  close  to  the  town ;  but  when  I 
visited  the  place,  the  greater  part  of  them  had  been  broken  up  and  removed.  Immediately 
below  the  nodules  were  about  four  feet  of  grey  sand. 

The  Portland-sand  extends  westward  from  the  town  of  Swindon,  and  occupies  a  part  of  the 
descent  of  the  hill  at  Okus  and  Westleaze,  where  the  high  ground  overlooks  the  canal.  In  the 
farm-yard  at  Okus  were  several  large  nodules,  like  those  above  mentioned*. 

Kimmeridge  clay. — At  the  Bowling-green  the  sand  with  concretions  appears  on  the  surface 
as  the  hill  descends,  and  is  succeeded  abruptly  by  dark  clay,  in  which  I  found  fragments  of 
oyster-shells ;  and  this  is  the  case  also  beneath  the  great  nodules  near  the  road  from  Swindon 
to  Oxford.  I  have  no  evidence  of  the  identity  of  this  clay  with  that  of  Kimmeridge,  but  the 
facts  here  stated. 

(142.)  List  of  Fossils  from  the  Strata  below  the  Chalk,  in  part  of  North 

Wiltshire. 

[Upper  Green-sand.'] 

Ammonites  dentatus.    Rowde  Hill,  near  Devizes. 

A  varians.    Near  Swindon ;  (in  the  Chalk  marl). 

Mya  mandxbula.    Devizes  Canal. 

Panopcea  plicata  ?     Rowde  Hill. 

*  Toothill,a  small  eminence,  which  is  conspicuous  from  this  place,  consists  of  clay,  as  abo  the  hill 
at  Elcomb-house.  That  of  Chaddington,  still  further  west,  is  said  to  be  capped  with  sand. 
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Terebratula  nuciformis.    Rowde  Hill. 
Fermetus  umbonatus.    Rowde  Hill. 

[Lower  Green'Sand.'] 

Area  ?     Lockswell  Heath,  near  Bowood  :  in  ferruginous  coarse  sand-rock. 

Corbula  ?     Lockswell  Heath :  in  ferruginous  sand-rock. 

Cardium  striatulum  ?     Lockswell  Heath. 

CuculUjea.    Lockswell  Heath :  in  ferruginous  sand-rock. 

Dkeras  Lonsdalii.    PL  XIH.  fig.  4.  a. — d.    Near  Calne.    Mr.  Goodhall. 

Modiola.     Lockswell  Heath. 

Mj/iilus.    Lockswell  Heath. 

Pecten  obliquus.    Lockswell  Heath :  in  ferruginous  sand-rock. 

P  quinquecostatus.    Lockswell  Heath. 

Plagiostoma  rigidum.    Lockswell  Heath. 

Terebratula  latissima.     Lockswell  Heath :  in  ferruginous  sand-rock. 

T  nuciformis*    Lockswell  Heath :  in  ferruginous  sand-rock. 

T oblonga.    Lockswell  Heath. 

Thetis  minor.    Lockswell  Heath  :  in  ferruginous  sand*rock. 
Trigonia  gibbosa  ?     Lockswell  Heath. 

Turbo  moniliformis.    Lockswell  Heath  :  in  ferruginous  sand-rock. 
Venus  ?     Lockswell  Heath. 

[Portland  Oolite,'] 

Ammonites  biplex.    Swindon. 

A giganteus.    Swindon. 

Buccinum  angulatum.     Swindon.     PI.  XXHI.  f.  5. 

B naticoide.     Swindon.     PI.  XXHI.  fig.  4. 

Cardium  dissimile,     Swindon. 

Cytherea  rugosa.     PI.  XXH.  f.  13.    Swindon.     The  predominant  shell  in  the  upper 

bed  of  the  great  quarry. 
Gastrochccna.     Swindon. 
Lucina  Portlandica.      PI.  XXII.  f.  12       Swindon  :    in  stone  very   like  freshwater 

limestone;  full  of  moulds  and  casts  of  this  shell. 
Nerita  angulata.     PI.  XXIII.  f.  2.     Swindon. 
Ostrea  falcata.     PI.  XXIII.  fig.  1.     Swindon. 
Pecten.     Swindon  :  in  stone,  very  like  the  Forest  Marble. 
Pema  quadrat  a.     Swindon. 
Terebra  Portlandica.    PI.  XXIII.f.  6.    Swindon.    In  great  profusion,  in  the  stone  of 

the   great  quarry.     Some  specimens  stained  with  oxide  of  iron;  with  Lucina. 

The  impressions  of  the  interior  sometimes  beautifully  preserved. 
Trigonia  incurva.    (Miss  Benett.)    PI.  XXII.  f.  14.    Swindon.    Tuberculated  ridges 

7' gibbosa,     Swindon. 

Trochus}     Swindon. 
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Wood.  Silicified  specimens  of  coniferous  wood^  in  fragments,  the  cavities  of  which 
are  lined  with  minute  crystals  of  quartz,  are  found  in  the  debris  of  the  great 
quarry  at  Swindon  :  they  are  supposed  by  the  quarrymen  to  have  been  found 
within  the  solid  stone ;  but  there  can  be  scarcely  a  doubt  that  they  have  fallen 
from  the  beds  above,  the  place  of  which  corresponds  to  that  of  the  group  which 
affords  the  silicified  trunks  in  Portland. 

IPortland  Sand.] 

Ammonites  biplex.    Swindon. 

Ostrea  (deeply  concave).    Swindon. 

Pecten.    Swindon. 

Pema  quadrata.    Swindon  :  with  Mya? 

PuUasira.    Swindon. 

Trigonia  cUroellata.    Swindon  :    in  bluish  sandy  clay ;  with  pebbles  of  black  flint  or 

Lydian  stone. 
T gibbosa.    Casts  in  dark  flint,  with  Pecten  or  Lucina  ? 

Bone.    Portions  of  a  long  bone  of  a  Saurian. 

[Kimmeridge  Clay.'] 
Ammonites.    Near  Steeple  Ashton  :   in  slaty  lignite,  like  the  Kimmeridge  ''Coal". 


Berkshire^  Oxfordshire,  Buckinghamshire,  Bedfordshire. 

(143.)  The  tract  between  Calne  and  Bedfordshire  derives  its  exterior  cha- 
racter in  a  great  measure  from  the  very  slig;ht  inclination  of  the  strata^  which 
in  their  progress  towards  the  north-west  from  the  anticlinal  line  of  the  Vale 
of  Wardour^  are  comparatively  undisturbed  :  no  conspicuous  faults^  at  leasts 
have  hitherto  been  detected  between  South  Wiltshire  and  the  northern  coast 
of  Norfolk^  though  it  is  probable  that  this  region  is  not  more  exempt  from 
slight  disturbances^  than  the  greater  part  even  of  the  more  uniform  tracts  in 
England  is  found  to  be^  when  examined  with  sufficient  attention.  One  eifect 
of  this  very  gradual  rise  of  the  strata  is^  that  some  of  the  beds^  shooting 
out  successively  to  great  distances^  have  been  the  subject  of  extensive  de- 
nudation ;  so  that  outliers  occur  in  several  places  at  the  distance  of  some 
miles  from  the  general  line  of  the  escarpments  :  and  on  the  confines  of  Berks 
and  Oxfordshire  a  large  tracts  entirely  denuded  of  chalky  appears^  along  the 
course  of  the  Thames  between  Abingdon  and  Readings  breaking  in  upon 
the  almost  uniform  and  linear  course  which  the  outcrop  of  that  formation 
would  otherwise  have  followed  from  Calne  to  the  fens  of  Cambridgeshire. 
It  is  not  improbable  that  this  wide  denudation^  and  the  course  of  the  Thames 
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itself^  may  have  originated  in  a  preexisting  fissure^  by  which  the  direction 
of  the  principal  stream  may  have  been  determined^  and  the  effect  oif  the 
denuding  waters  subsequently  modified. 

My  observations  were  resumed^  on  the  north  of  Swindon^  in  the  tract 
around  Hazeley  and  Garsington  ;  and  the  country  thence  through  the  con- 
tiguous counties  of  Oxfordshire^  Bucks,  and  Bedfordshire,  as  far  as  Wo- 
burn^  is  so  much  alike  in  geological  structure  and  composition,  that  the 
whole  may  with  advantage  be  considered  together.  I  shall  therefore  first 
state  generally  the  order  and  composition  of  the  strata,  and  then  illustrate 
the  sections  PI.  X.  a.,  Nos.  18,  19,  20,  and  21,  with  some  details  derived 
from  points  where  the  beds  are  best  exhibited.  The  recent  sheets  of  the 
Ordnance  survey,  Nos.  13,  45,  and  46,  are  so  well  executed  as  to  furnish  all 
the  assistance  that  can  be  desired  in  the  examination  of  this  part  of  England: 
and  their  aid  will  be  almost  necessary  in  perusing  these  remarks  *. 

Chalk. — The  most  striking  feature  in  the  outline  of  the  chalk,  north-east  of  Swindon,  is  the 
sudden  retreat  of  the  Downs  above  referred  to ;  by  which  the  escarpment  is  thrown  back  towards 
the  south  between  Woolstone,  on  the  west  of  Wantage,  and  Watlington,  not  less  than  eight  miles. 
The  subsequent  direction  of  the  outcrop  is  nearly  parallel  to  that  of  Marlborough  Downs,  and 
through  its  whole  course  thence  into  Norfolk,  the  lower  chalk  and  chalk-marl  run  out  far 
beyond  the  escarpment  of  the  upper  strata,  which,  near  Nuffield,  on  the  main  road  from  London 
to  Oxford,  through  Nettlebed  and  Abington,  is  more  than  two  miles  from  that  of  the  chalk- 
marl  at  Gould's  Heath.  On  the  lines  through  Stoke  Talmage  and  Tetsworth,  the  distance  is 
nearly  four  miles ;  and  the  space  varies  between  one  and  four  miles  all  along  the  range,  thence 
to  the  north-east  of  Dunstable,  becoming  still  more  considerable  in  the  lower  tracts  of  the 
east  of  Bedfordshire  and  Cambridgeshire,  where  the  beds  are  less  inclined. 

The  angle  at  which  the  strata  in  this  part  of  England  rise,  in  general  towards  the  west  of 
north,  in  many  cases  does  not  exceed  1°  or  2°;  and  the  contiguous  beds  are  frequently  so  mixed 
at  their  junction,  as  to  render  it  very  difficult  to  define  them.  An  additional  source  of  obscurity 
occurs  between  Aylesbury  and  the  road  from  Dunstable  into  Bedfordshire ;  where  large  accumu- 
lations of  superficial  gravel  (comparatively  recent,  since  it  includes  fragments  of  chalk,)  mask 
the  substrata,  or  totally  conceal  them.  A  remarkable  deposit  of  the  same  kind  in  the  south  and 
south-west  of  Oxford,  is  mentioned  by  Mr.  Conybearef;  and  Dr.  Buckland  has  made  the  trans- 
ported matter  of  the  Valley  of  the  Thames,  the  subject  of  a  paper  in  these  Transactions,  in  which 
his  views  of  the  Theory  of  its  production  are  fully  explained  J . 

Upper  green-sand. — This  formation  is  not  generally  so  prominent  in  this  tract,  as  in  the  coun- 
ties near  the  coast ;  but  its  representative  is  found  along  the  base  of  the  chalk  marl  in  all  the 
places  which  I  myself  examined.  Thus,  on  the  line  of  the  Abington  road  to  Oxford,  it  appears 
on  the  descent  from  Gould's  Heath  towards  Bensington  ;  and  firestone,  I  was  informed,  is  obtained 

*  The  autlioritics  connected  with  this  tract  are,  the  general  maps  of  Mr.  Smith  and  Mr. 
Greenough,  and  the  Sections  and  County  Maps  of  the  former.  The  only  published  description 
of  the  strata  is  that  of  Mr.  Conybcare  in  the  "Outlines  of  England  and  Wales",  p.  170. — 1S3, 
from  which  I  have  throughout  derived  most  valuable  assistance. 

'|-  Outlines,  &-c.  p.  190.  t  Gcol.  Trans.,  1st  Series,  vol.  v.  p.  jIG — 544. 
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by  mining  in  the  lower  ground  on  the  north-east  of  that  place,  between  Rinnbold  Copse  and 
Whitehouse  Farm.  The  formation  is  much  less  distinct  at  Tetsworth,  but  is  obvious  on  the  south 
of  that  village ;  in  the  descent  of  the  hill  from  Chinnor  towards  Emington ;  and  beneath  the  lower 
Icknieki«way,  at  Chadwell  Hill  on  the  north-west  of  Risborough  ;  at  North  Lee,  between  Tur- 
wick  and  Bishopstone ;  and  probably  in  the  vicinity  of  Aston-Clinton.  On  the  north  of  Tot- 
temhoe,  great  quantities  of  a  soft  variety  of  firestone  were  formerly  obtained  from  mines  of 
ancient  date  deeply  seated  at  the  foot  of  the  lower-chalk  escarpment,  between  the  village  and 
the  hill  on  which  is  ihe  mound  of  ancient  encampment,  called  Maiden's  Bower.  In  this  latter 
direction,  also,  an  outlying  portion  of  the  Upper  green-sand  is  visible,  on  the  road  between  Kate's 
Hill  and  the  Turnpike  near  the  beginning  of  Hockliffe,  forming  the  base  of  an  outlier,  or  penin- 
sular portion  of  clialk,  which  shoots  ofiP  from  the  main  body  about  Chalton,  and  bears  upon  it 
the  village  of  Wingfield ; — not  improbably  crossing  the  road  and  forming  part  of  a  flat-topped 
range  of  heights,  which  extends  westward  on  the  north  of  Tilsworth  and  Stanbridge. 

OauU. — The  gault  in  this  part  of  the  country  is  very  irregularly  diffused,  in  many  places  forming 
a  distinct  valley  or  depression  beneath  the  Upper  green-sand,  in  others  spreading  itself  towards 
ibe  west,  and  thinning  off  gradually  over  the  top  of  the  Lower  green-sand. 

Lamer  green^tand, — This  formation,  which  is  indistinctly  seen  in  the  lower  ground,  is  best 
observable  near  the  summit  of  the  heights  between  Garsington  and  Shotover  on  the  south-west  of 
Oxford  (No.  18.), — and  of  the  corresponding  ranges,  from  Long  Crendon  to  Brill  (No.  19.),  and 
from  Quainton  to  Whitchurch,  on  the  north-west  of  Aylesbury  (No.  20.  &  X.  b.  fig.  11.)  Thence 
towards  Leighton  Buzzard,  the  Lower  green-sand  is  more  obscurely  seen :  but  it  becomes  con- 
s[Hcuous  in  approaching  Woburn,  and  is  found  in  immediate  apposition  with  the  Kimmeridge 
clay,  at  Little  Brick  Hill  (No.  21'.),  where  the  whole  of  the  intermediate  strata,  from  the 
Wealden  to  the  Portland  sand,  are  wanting, — having  been  either  originaUy  deficient,  or  partially 
carried  away  before  the  deposition  of  the  sand. 

The  greatest  extent  of  continuous  surface  which  this  formation  occupies  here,  is  between 
Leighton*  and  the  west  of  Woburn.  But  there  can  be  little  doubt  that  it  once  extended  con- 
tinuously from  its  rise  beneath  the  gault  to  its  final  outcrop  in  the  heights  above  mentioned ; 
the  greater  part  having  been  subsequently  removed  by  denudation. 

On  the  main  road  from  Tetsworth  to  Wheatley,  Section  No.  18'.,  a  portion  of  the  gault  and 
of  this  sand  still  remains  between  the  44th  and  47th  milestones  ;  while  on  the  south-west  of  the 
road,  a  great  part  of  these  strata  having  been  removed,  the  surface  is  so  much  lowered  as  to 
disclose  the  subjacent  Portland  stone,  throughout  a  space  which  includes  the  villages  of  Ghreat 
and  Little  Milton  and  Great  Hazeley. 

Several  outliers  of  the  Lower  green-sand  in  this  part  of  England  still  remain  to  be  examined; 
among  which  the  heights  near  Faringdon  seem  to  be  especially  deserving  of  notice.  Another 
detached  portion  (which,  if  the  chalk  range  had  been  unbroken  by  the  chasm  of  the  Thames, 
would  have  been  nearly  at  the  same  distance  from  the  escarpment  as  that  of  Faringdon),  caps  the 
hills  at  Bagley  Wood  and  Cumnor,  on  the  south  and  south-west  of  Oxford.  These  have  been 
generally  described  by  Mr.  Conybeare  (Outlines,  p.  190.),  who  states  that  the  Pordand  beds  do 
not  extend  so  £Eur :  but  as  the  relations  of  the  Wealden  group  were  unknown  at  the  time  of  his 


*  A  large  tract  around  Leighton,  including  Wing,  Cublington,  Aston  Abbots,  Mentmore,  &&» 
has  not  yet  been  described  geologically.  The  late  Mr.  Bevan  of  Leighton  was  thoroughly 
acquainted  with  it ;  and  I  am  not  without  hope  that  some  of  his  observations  may  be  published 
by  his  son. 
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paUiofttioDt  it  may  perhapa  deaenre  mqiiirirt  whether  acmie  portioiia  of  it  may  not  exiat  beneath 
the  iandi  in  that  quarter. 

WiuMmi^ — ^The  tracea  of  the  upper  ooembera  of  the  Wealden,  are  here  ao  rare  and  indiatinctt 
that  nothing  haa  yet  eome  within  my  knowledge  which  can  be  referred  to  themt  except  on  the 
anmmit  of  ShotoTer  Hill,  where  aheUai  rappoaed  to  be  of  fireihwater  apecieiy  are  found  above 
the  Portland  atrata,  in  a  ferroginoua  aand  or  day  ;tand  at  Quainton  and  some  other  placea  m 
Buckinghaniflhirei  where  grit  like  that  of  Haatinga,  containa  PaludinaB. 

The  loweat  of  the  Purbeck  atrau  are  here  folly  characteriaed  by  their  foiaib,  and  precisely 
reaemble  the  lower  beda  of  thia  formation  in  the  Vale  of  Wardour  and  on  the^Doraetahire 
coaat.  They  eonaiat  of  alaty  limestone,  like  the  ''tOestone"  of  Ladydown  in  the  Vale  of  War^ 
dour,  and  the  '*ShUe''  of  the  Sectiona  in  the  lalea  of  Portland  and  Purbeck.  With  thia  atone, 
beda  of  day  alternate,  which  become  more  frequent  in  approachii^  the  Portland  strata,  and 
dearly  repreaent  the  ''Dirt^beda"  of  that  island  and  the  adjacent  coast.  One  of  the  lowest  of 
these  days,  containa  thin  layers  of  a  species  of  Mytilus  (M.  Zyetttt?)  which  is  found  in  aerenl 
detached  pointa  of  the  tract  now  under  oonaideration.  I  did  not,  however,  fold  in  any  of  thcae 
beds  either  silidfied  trunks  of  trees,  or  of  the  remains  of  Cycadeae ;  but  in  the  correaponduig 
place  at  Oarsioglon  in  Oxfordshire,  were  detached  fragments  of  silidfied  coniferous  wood*  like 
that  of  Portland.  In  aereral  caaes  the  more  uniform  freshwater  limestone  in  this  lower  part  of 
the  Purbeck  series  is  **  Travertine'';  and  like  the  '*  Cap  "of  Portland  it  indudes  cavitiea  incrustcd 
with  botryoidal  carbonate  of  lime* 

The  foaaila  which  thia  formation  afforda  here,  aa  in  the  Vde  of  Wardour,  are  Cypria  and  Cydas 
in  profusion,  and  of  two  or  more  species;  Mytilus  and  Modiola;  with,  more  rarely,  Aatarte 
and  Palttdina  of  two  or  three  species,  and  some  minute  spiral  univalves. 

The  Parihmd  strata  have  been  found  in  thia  part  of  England,  throughout  a  tract  between  six 
and  ten  miles  in  extent  from  south-west  to  north-east,  on  the  line  of  its  rise  from  beneath  the 
superior  strata,  (Pease  Farm,  near  Great  Hazeley,  in  Oxfordshire,  to  Bierton  near  Aylesbury, 
Bucks),— -and  about  five»and-twenty  miles,  on  the  course  of  its  outcrop,  (from  Garsington  in  Ox- 
fordshire to  near  Stewkley,  Bucks).  They,  no  doubt,  constituted  at  one  time  a  continuous  group, 
but  having  been  cut  through  by  irregular  denudation,  now  exist  principally  in  the  upper  part 
of  the  detached  heights,  which  are  separated  by  low  ground  excavated  in  the  Kimmeridge 
day. 

The  Portland»stane  makes  its  first  appearance  north  of  Swindon,  on  a  line  directed  from 
about  south-east  to  north-west,  through  Easington,  south  of  Little  Milton  and  Garsington, 
towards  Oxford.  On  the  south  of  that  line  no  stone  is  found ;  the  villages  of  Chalgrove,  Ascot, 
Stadhampton,  and  Chiselhampton  being  supplied  with  it  from  the  Milton  pits.  Among  the  points 
where  I  have  seen  the  Portland  beds  near  their  first  rise  from  beneath  the  superior  strata,  are^ 
a  spot  near  the  brook  between  Peg's  Farm  and  Standhill,  on  the  south-east  of  Great  Haseley 
(Section  No.  18.) ;  near  Cotmore  Walls,  about  a  mile  west  of  Thame  (No.  19.);  near  the  windmill 
at  Towersey,  Bucks;  east  of  Kingsey ;  Haddenham  Field,  about  half  a  mile  west  of  the  church; 
about  midway  between  Ford  and  Moreton's  Farm ;  near  Bishopstone ;  Pistol  Hill, — the  vicinity 
of  Walton,  and  of  Broughton,  near  Aylesbury ;  and  the  summit  of  the  heights  at  Bierton. 
Beyond  this  last-mentioned  place,  I  could  not  learn  that  stone  has  yet  been  discovered ;  though, 
as  it  occurs  at  Church  Farm  on  the  road  from  Wing  to  Cublington,  it  may  probably  be  found 
to  rise  between  the  chalk,  at  Ivinghoe  and  Totternhoe,  and  Wing.  The  Portland  sand  has  been 
quarried  between  Tinkershole  and  Stewkley,  and  about  a  mile  north  of  Dunton ;  and  the  out- 
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crop  of  the  stone  and  sand,  can  be  traced  along  a  very  irregular  line,  from  the  heights  at  Gar- 
sington  and  Shotover,  by  Brill  and  Muswell  Hills,  Ashendon,  Waddesdon,  Quainton,  and  Whit- 
church, to  the  points  last  mentioned,  near  Stewkley,  which  seem  to  be  their  limit  in  this  direction. 

The  Portland' sand  goes  out  beyond  the  stone,  on  the  north  and  north  <west  sides  of  the  heights 
just  mentioned.  The  sand  is  in  some  places  loose,  grey,  and  yellowish ;  but  in  general  it  abounds 
in  green  particles,  and  is  often  almost  wholly  composed  of  green  matter :  the  bluish  half-concreted 
mass,  intermediate  between  stone  and  sandy  day,  which  is  the  predominating  component  of  this 
stratum  on  the  coast,  being  here  of  rare  occurrence*.  Near  the  bottom,  the  sand  includes 
great  nodular  concretions  of  hard  greenish  grit,  like  those  of  Swindon,  Shotover,  and  the  Lower 
Boulonnois ;  and  it  contains  sometimes  worn,  polished,  fragments  of  very  dark -coloured  chert  or 
flinty  slate. 

The  Portland  stone  and  sand  are  found  between  the  principal  ranges  of  Brill  and  Whitchurch, 
(Sections  19.  and  20.),  and  nearly  at  the  same  level,  in  the  heights  of  Ashendon,  Lodge  Hill, 
Chearsley,  Over-Winchendon,  Coney  Hill,  Cuddington,  Dinton,  Stone,  and  Hartwell.  But  on  the 
north-east  of  the  road  from  Aylesbury  to  Winslow  they  are  rarely  visible,  being  deeply  seated, 
and  concealed,  especially  in  the  vicinity  of  Leighton  Buzzard,  by  large  accumulations  of  gravel. 

The  intermediate  and  lower  tracts  between  the  lines  of  section  and  the  heights  above  men- 
tioned appear  to  be  occupied  by  clay,  and  the  whole  district  is  in  general  undisturbed;  no 
derangements  at  least,  at  all  comparable  to  those  of  the  Wealden  tract,  or  of  the  Dorsetshire 
coast  having  yet  been  observed  within  it:  but  in  many  of  the  Portland  quarries  the  beds  of  stone 
are  traversed  by  fissures,  produced  by  violence  long  antecedent  to  the  present  condition  of  the 
surface.  An  elevation  comparatively  inconsiderable,  but  analogous  to  that  which  has  raised 
the  anticlinal  ridges  of  the  south,  occurs  at  Wheatley,  between  the  range  of  Shotover  and  that 
of  Brill, — ^both  of  which  are  capped  by  nearly  conformable  strata  of  Portland  sand  and  stone, 
rising  gradually  to  the  north-west;  while  the  beds  of  the  Oxford  oolite,  which  appear  in  the 
village  of  Wheatley,  on  the  main  road  from  London  to  Oxford,  rise  more  rapidly  northward, 
from  beneath  the  stone  and  sands  of  Garsington  and  Combe  Wood.  (See  and  compare  the  Sec- 
tions, PI.  X.  a.  No.  18.  and  1 8',  and  PL  X.  b.  fig.  10.)  A  small  portion,  therefore,  of  the  space 
between  the  heights  of  Shotover  and  of  Brill  may  be  occupied  by  an  anticlinal  ridge,  or  curve, 
of  Oxford  oolite. 

Ktmmeridge  Clay. — This  is  found  everywhere,  in  these  sections,  beneath  the  Portland  sand;  and 
is  conformable  to  the  superior  strata.  It  is  best  seen  on  the  west  of  Shotover  Hill,  where  the 
series  of  the  strata  is  complete  ;  but  near  Leighton  it  seems  to  come  nearer  to  the  Lower  green- 
sand;  and  in  the  descent  from  the  village  of  Little  Brickhill,  (Section  No.  20.)  it  appears  within 
a  few  feet  of  the  sand,  which  forms  the  upper  part  of  the  hiUs  there. 

The  whole  of  this  stratum  is  disclosed,  on  the  line  of  Section  No.  18,  at  Headington ;  and  its 
characters  there  are  described  by  Mr.  Conybearef.  It  seems  to  increase  in  bulk  in  advancing 
northwards,  but  does  not  anywhere  attain  the  thickness  which  it  exhibits  near  Weymouth,  in  tlie 
Boulonnois,  and  near  Scarborough.  Its  predominant  fossil  here  is  Ostrea  deltaidea :  near  Ayles- 
bury are  found  Gryphea  virgulaf  and  Aptychus. 

Professor  Sedgwick  has  remarked  that  on  the  south-east  coast  near  Weymouth,  some  of  the  same 
fossils  pervade  this  clay,  the  mixed  beds  near  Weymouth,  and  the  oolite  beneath  them ;  and  it 

—  — — ■ • — 

*  Bluish  stone,  'somewhat  like  that  of  the  sands  in  Purbeck  and  Portland,  is  found  near  the  top 
of  this  formation,  at  Hartwell  near  Aylesbury, 
t  Outlines,  &c.  p.  185. 
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gmdiMitM  vpwaidi  alio  into  dtt  Porthnd  nodi.  He  mippoies,  dierefbrt^  diftt  cMrtain  btdt  of 
die  ieriet  are  waating  betwoan  tbe  freeaume  of  the  HeadingCon  quarriea  and  the  uiciunbaBt 
Kimneridge  day  s  an  inibfenoe  eonfinned  by  the  condition  of  the  sur&ce  of  the  frqeatonei 
whieh  Mr.  Conybean  deaoribea  aa  iwhibiring  the  appeaiance  of  having  been  marked  by  the 
metm  of  water  upon  it,  be&re  the  deposition  of  die  day ;  **  preaenting  oceaaionally  email  cap* 
"  ahaped  caYitiea,  and  perpendieular  rents  of  wmooM  breadth,  into  whieh  tbe  day  had  maimiaftd 
**  itadf*.**  It  ia  not,  however,  improbable  that  aome  of  the  intermediate  atrata  esiat  on  the  line 
of  section  firom  Garaington  to  Langoombe.  See  hereafter,  p.  278. 

(kffari  <Mil#  {C^fmi  Rug  of  8niith)«<*— The  characters  of  this  group  have  been  deacribed  by 
Mr.  Conybean*  Ita  general  eourae  is  nearly  confimnable  to  that  of  the  upper  atrata,  and  is 
represented  in  Mr.  Smidi*s  and  Mr.  Greenougb's  mapa.  On  the  east  of  Islip  a  narrow  inters 
mpted  lidge  passes  north-eastward,  finr  about  nine  miles  from  Woodeaton,  aa  &r  aa  StanhiU  near 
Marsh  Gibbon,  and  ia  separated  from  the  eacarpment  of  the  PorUand  atone  and  aand  at  Mnswdl 
Hill  (Section  No.  10.),  by  a  uniform  flat,  q^parently  occupied  by  day.  Blackthorn,  a  place  upon 
the  ridgeb  aflbrds  a  Unish  oolite,  which  Smith  re&rs  to  the  Cord  Rag.  This  ridge  appears  to 
separate  the  Kimmeridge  from  the  Oxford  day ;  but  the  condnuityof  die  former  ao  fiur  weatward 
from  Mnawdl  Hill,  where  it  ascends  considerably,  implies  a  thickness  much  greater  dmn  that 
in  the  Headington  quarries. 

The  regular  course  of  the  Oxford  oolite  is  interrupted  by  the  ofiset  mendoned  in  the  laat  page^ 
whidi  extends  a  little  eaatward  of  its  generd  direction  to  Wheadey  (see  the  Transverse  Sec- 
tion, PL  X.  b.  fig.  10.)  t  the  stcau  diere  rising  towards  the  north,  at  an  angle  of  about  9*.  The 
previona  dip  about  Garsington  is  much  less ;  and  that  of  the  generd  range  of  this  Ibrmation  in 
Oxfordshire,  aooording  to  Conybeareft  not  more  dian  1°.  This  upheaving  seems  to  be  continued 
eaatward  for  some  miles,  so  as  to  bring  up  the  Portland  sands  at  a  point  much  doaer  to  the 
chalk  near  Thame,  than  on  the  north-east  of  that  place. 

(144.)  Section  PI.  X.  a.  No.  18,— from  the  Chalk  through  Hazeley^  Gar- 
sington, and  Shotover,to  Oxford; — and  No.  IS'./rom  Stokenchurch,  through 
Tetsworth,  to  fVheailey. — The  upper  atrata  between  the  Gault  and  the 
Portland  stone  on  the  line  of  Section  18^  are  best  seen  near  the  summit  of 
the  range  from  Combe  Wood  to  Shotover  Hill :  and  I  am  indebted  to  Mr. 
Hugh  E.  Strickland,  for  the  following  account  of  tbe  ferruginous  sand  at 
tbat  place,  which  I  have  not  examined  myself. 

Sbotofbr  Sill  : — [Lower  Green-sandy  and  WealdenJ] 

**  The  bed  which  crowns  the  hill  and  rests  on  the  supposed  equivdent  of  the  Portland  stone, 
**  consists  of  a  series  of  sands,  mosdy  ferruginous,  but  frequendy  assuming  various  shades  of 
"  yellow,  white,  grey,  and  even  black,  according  to  the  proportion  of  oxide  of  iron  which  they 
**  contain.  The  sand  occasionally  graduates  into  marl  and  clay ;  and  seams  of  yellow  ochre  also 
•*  occur,  which  afford  considerable  supplies  of  that  article.  The  stratification  of  the  sands  and 
"  marls  is  often  very  tortuous  and  irregular,  which  seems  rather  to  be  owing  to  the  circumstances 
"  of  their  deposition,  than  to  any  subsequent  action.     In  some  cases  the  oxide  of  iron  has  been 


♦  Oudines,  &c.,  p.  189.  f  Ibid.,  p.  192. 
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**  80  abundant  as  to  concrete  the  sand  into  shapeless  masses  of  great  hardness*  which  occur  in 
local  strata  a  few  inches  thick.  Except  in  these  masses  of  ironstone,  no  organic  remains  have 
been  noticed  throughout  the  deposit.  Taken  as  a  whole,  this  formation  bears  a  great  resem« 
"  blance  to  the  Lower  green-sand  of  Sussex ;  and  the  masses  of  ironstone  are  almost  identical  in 
**  appearance  with  some  which  exist  there  :  but  the  fossil  shells  lately  found  in  it  appear  rather 
to  show  that  it  forms  a  part  of  the  Wealden  group.  These  shells  occur  only  in  the  nodular 
masses  of  ironstone,  which  are  scattered  near  the  old  sand-pits  on  the  west  end  of  the  hill ;  and 
were  first  noticed  there  by  the  Rev.  H.  Jolly  of  Bath." 
[The  shells  here  referred  to  by  Mr.  Strickland,  appear  to  belong  to  five  species :  three  of 
Paludina;  a  small  bivalve,  like  a  Cyclas ;  and  a  larger  bivalve,  like  a  Unio.  But  the  specimens 
hitherto  found  are  all  too  imperfect  to  admit  of  precise  determination,  and  are  none  of  them  so 
unlike  some  of  the  species  which  occur  in  the  Lower  green-sand,  as  absolutely  to  exclude  them 
from  that  formation.] 

**  A  small  pit  had  been  sunk  in  quest  of  ochre  at  the  side  of  the  old  London  road,  about  150 
"  yards  to  the  east  of  the  old  quarry,  where  the  large  globular  concretions  of  the  Portland  sand 
*'  occur.  This  spot  may  be  about  50  feet  above  that  quarry ;  and  the  pit  presented  the  following 
"  Section: — 

[WeaJdenT]  Ft    In. 

*<  1.  Yellowish  clay 4     8 

"  2.  Yellow  ochre 0     4 

"  3.  Sand  and  rubbly  marl  •  •  • .     8     0 

[Portland.'] 

4.  Very  hard  brown  sandstone,  with  a  few  Trigoniae,  and  a  bone  of  a  crocodile    1     0 

5.  Rubbly  stone,  with  numerous  casts  of  Trigonia,  the  shells  having  decayed  into  a1  .     ^ 
*'  brown  powdier.  •  •  •  • • J 

"Total 10     0 

''  The  first  three  beds  exactly  resemble  the  sandy  strata  which  extend  firom  this  point  to  the  top 
of  the  hill,  a  height  of  about  50  feet,  and  which  I  am  disposed  to  regard  as  belonging  to  the 
Wealden  group.  The  nodules  of  ironstone  containing  the  supposed  freshwater  shells,  occur  at  a 
**  height  of  about  30  feet  above  No.  4." 

Purheck  Strata. — What  remains  of  the  Purbeck  strata  in  this  part  of  the  country  is  best  seen 
in  the  pits  in  the  southern  part  of  the  Shotover  range,  at  Combe  Wood  and  Garsington.  The 
junction  of  the  incumbent  strata  with  the  Portland  beds,  is  first  disclosed  in  the  quarries  at  Great 
Hazeley. 

The  section  at  Combe  Wood  consists  of, — 

1.  Reddish  loamy  soil,  passing  into  ft. 

ft.  Ferruginous  sand  {Lower  green). 

S.  A  thin  bed  of  very  tough  clay  (Fuller's  earth?);  which,  with  2,  enters  into,  and  follows  the 
deep  erosions  and  irregularities  at  the  top  of  4. 

4.  Purheck. — Stone,  and  soil  rubbly  matter ; — (the  "Malm"  of  the  pits  at  Garsington) ;  containing 
freshwater  shells,like  those  of  that  place: — Cypris;  Myulus,  two  species;  Modiola;  Paludina 
eUmgata^  and  perhaps  another  species? ;  Planorbis}?.  Some  portions  of  the  stone  are  compact 
and  uniform,  with  tiie  usual  characters  of  fireshwater  limestone ;  others,  though  containing  the 
same  foasils,  are  composed  of  grey  and  brownish,  fine-grained,  oolite,  in  which  a  very  small 
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nmTilTe — periapa  a  rjiiilim    ihiiiii  in  ndt  luuabaat  u  in  aoou  pkee*  to  fitm M«rl;f 
the  wbola  miM. 
5.  Partiamd  aomt;  widi  nmneroai  Tr^onia  and  Penue. 

GraU  Hauley. — la  the  principal  qoany  at  thia  pbec  tlia  ttnta  dip  to  about  ttP  CMt  of 
■onth,  at  an  ui^  of  about  4*;  md  are  Ua*ciMd  bjr  joints  nmi^  in  tbe  ume  direction.  The 
order  iiufbDowi: 

Sbme-pU  at  Obxjt  Hjsmlet. 


1.  Soili  fimning  a  leTel  and  uniibnn  mrfkee   Ft.I» 

X.  LoaiDt brown  and  red;  containing  fragmcDta  of  feTTDgiBam  conglomerate,  (cantone)1       .    . 

and ofa brown mbitanee, like  lunber;  pa«ingbdowintofemiginoiia*and..3ft,  (oj 
8,  lliinly  itratified  finn  day  or  marl,  of  a  light  grey  colour,  approaching  to  stone,  not  -. 
effervetcentiContaining  between  the  fbliaimpreuioDi  of  plants,  and  including  portioDs 
of  reddish  sand,  in  horiiontal  masses  of  very  unequal  thickness.     It  breaks  down    -     6    E 
rapidly  in  water,  like  Fuller's  earth,  and  its  place  corresponds  best  (so  far  as  my 
observations  went)  to  that  stratum  t - 

4.  Dark  brown  clay;  like  the  Fuller's  earth  of  Tilburstow(p.l39.)iand  of  tbe  pita  near  *] 

Aylesbury.     Some  of  the  masses  into  which  it  is  easily  divided,  are  polished,  by  I      ,     . 
sliding  on  each  other  under  pressure.     At  the  bottom  ferruginous  sand  alternates  [ 

with  the  clay  1ft.  to  J 

[All  the  preceding  beds  are  much  disturbed,  and  bent  irr^ularly,  so  aa  to  ac- 
commodate themselves  to  a  chasm  in  the  strata  below, — here  cdled  a  "Gull" 
(gulley  T),  and  quite  analogous  to  those  in  tbe  Isle  of  Portland  mentioned  at 

LS18.     The  manner  in  which  these  "  gulls "  are  filled,   proves  that  they  must 
ve  been  excavated  before  the  deposition  of  the  matter  which  now  occupies  them. 
But  the  surface  of  the  ground  above  the  opening  shows  no  indication  whatsoever 
of  disturbance.] 
The  Purbeek  ttrafa  seem  to  be  wanting  here  ? 
IPortland  Stone.} 

5.  Stone,  called  "Curl";  grey  calcareous  grit.     OAen  blue,  in  the  interior  of  thel      ,    g 

masses;  containing  thick  oysters,  and  Pernse about/     ' 

6.  Sand  and  clay,  containing  fragments  of  shells,  and  including  at  the  bottom  concre-  i 

tions  of  calciferous  sandy  stone,  which  abounds  in  petrifactions,  especially  Perna  L     4    ^^ 
quadrata     J 

7.  Uniibrm  whitish  sand,  and  sandystone,  with  Pema  quadrata,  and  numerous  Serpul«e,        S    (i 

[Id  another  large  quarry,  6.  and  7.  unite  to  form  one  bed  about  7  feet  thick.] 
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8.  **  Stone  ",  commonly  in  two  beds ;  that  for  which  the  quarries  are  worked.    It  is  like 

the  Purbeck-Portland,  and  contains  disseminated  spots  of  pyrites.  The  under 
surface  is  oflen  covered  with  petrifactions, — Pema,  Trigonia,  Venericardia,  and 
Trochus.  Bones  have  been  found  in  it,  and  sometimes  lignite 

Bottom  of  the  Quarry. 

9.  Below  is  sand:  precise  depth  and  relations  unknown about 

Total  about •••• 


\%    0 
S5     0 


8     0 


The  principal  stone-pits  at  Garsington,  are  in  the  western  escarpment  of  the  hill  north  of  the 
village,  overlooking  the  low  ground  about  Langcomb  and  Cowley.  One  of  the  largest  gave  the 
following  Section : — 

Stone-pit  at  Gjrsington. — [Lower  greeU'^sandy  Purbeck^  and  Portland^ 

1.  Loamy  soQ  ..•••••• about         S     0 

2.  a.  Ferruginous  brown  sand,  including  portions  like  umber,  and  irregular 

seams  of  clay,  like  that  of  the  bed  8.  at  Great  Hazeley,  (Fuller's  earth?). 
It  contains  also  patches  of  greenish  sand. 

6.  A  band  of  yellow  ochre,  about  half  an  inch  thick. 

c.  A  thin  bed  of  uniform  tough  clay  (Fuller's  earth),  in  wax-like  pieces, 

polished  by  motion  under  pressure    

[These,  like  the  upper  beds  at  Great  Hazeley  and  Combe  Wood,  follow  all 
the  irregularities  of  the  mass  below.] 

8.  ''  ilfolm*';  an  agglomerate,  composed  of  stone  and  softer  marl-like  matter,  much  de- 
composed.    Among  the  components  are, — 

a.  Light  greenish-grey  marl,  like  some  beds  of  the  lowest  chalk ;  con- 
taining at  the  upper  part  detached  fragments  of  silicified  coniferous 
wood,  like  that  of  Portland,  and  portions  of  bone. 

6.  Firmer  pieces  of  stone,  with  some  oolitic  particles,  including  small 
spiral  univalves, — ^Paludina,  perhaps  of  two  species?  ;  a  Pianorbis?  ; 
Mytilus ;  and  Cypris 

c.  At  the  lower  part,  the  mass  consists  of  larger  pieces  of  uniform  lime- 
stone, in  some  places  like  the  "  Pendle"  of  the  pits  at  Whitchurch 
hereafter  mentioned,  and  including  small  Paludinse,  with  other  small 
spiral  univalves,  Mytili  and  Cypris.  Some  of  these  pieces  have  the 
botryoidal  structure  of  part  of  the  Portland  "cap"  (Travertine);  of 
which  bed  (or  of  the  "  Skull-cap  ")  they  seem  for  the  greater  part  to  be 
the  representative :  but  others  consist,  as  at  Combe  Wood,  of  fine- 
grained oolite,  passing,  however,  into  the  compact  stone,  and  con- 
taining the  same  fossils Total  about    

[The  irregular  cavities  and  waves  at  the  top  of  this  mass  are  very  remark- 
able, resembling  the  erosions  at  the  top  of  the  chalk.] 

4.  The  Portland  stone  of  these  pits  requires  no  particular  description. 

The  upper  part  of  another  pit,  about  half  a  mile  east  of  that  which  furnished  the  preceding 
list,  was  nearly  the  same,  but  still  more  like  that  of  Great  Hazeley.  A  thurd  pit  close  to  it  con- 
tained a  "  gull ",  as  at  p.  £76. 


4     0 


The  Portland  sand  is  not  visible  in  the  descent  from  Garsington,  but  is  very  well  seen  in  the 
escarpment  of  Shotover  Hill ;  where  the  order,  at  the  lowest  part  of  the  Portland  series,  is  at 
follows : — 
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Escarpment^  Shotofer  Hill. 

Ochre ;  about  8  feet  above  the  sand,  1. 

1.  Greeniah-sand  {Portland), 

2.  A  bed  of  concretional  masses  of  grit. 

3.  Greenish  sand. 
4*  Beds  of  day,  about  3  feet  thick. 
5.  Sand. 


6.  Great  nodules  of  grit,  with  Pema  qua- 
drata,  &c 

7.  Greenish  yellow  sand. 


Below  is  Kimmeridge  clay. 


(145.)  The  beds  connecting  the  Portland  strata  with  the  subjacent  Oxford 
oolite  are  exposed^  in  detached  places^  on  the  descent  of  the  hill  from  Gar- 
sington  to  Langcombe  and  Gasson's  Barn^  where  the  following  strata  occur^ 
beneath  a  considerable  thickness  of  whitish  sand^  which,  however^  is  probably 
a  part  of  the  Portland  group. 

Pits  near  Langcombe. 

Ft.   lo.  Ft   U. 


1      0 


1 
0 

8 


0 
9 

0 

0 


1.  Soil,  including  carstone. 
%.  Rubbly  stone  {Portland). 

3.  Yellowish  sand,  with  petnfac-  n 
tions  and  calcareous  matter  inter-  > 
spersed J 

4.  Sand,  with  Trigoniae;  concreted  1 
at  the  bottom J 

5.  Sand,  including  at  the  bottom  6.  • 

6.  Stone,  in  irregular  concretions. . 

7.  Sand ;  continuous  (except  where  1 
there  is  stone)  with  5.  and  9 j 

8.  Concretional  stone.  •  •  •  6  feet  to 

9.  Sand,  as  above. 

Total  tliickness    ......  15  to 

[The  preceding  part  of  this  section 
represents  the  Portland  stone  and 
sand  of  Mont  Lambert  in  the  Bou- 
lonnois.] 

10.  Clay,  {Kimvieridge) .about 

1 1 .  Blue  grit  in  irregular  concretions,  1 
with  shells  and  stems  ofSiphonia?  J 

12.  Clay  continuous  with  10.;  when  -i 

dry,   it    is   yellowish   brown,  ap-  I  40  0 
proaching  to  ochre  yellow  . .  about  J 

This  clay  rises  slowly  towards 


20     0 


12 
3 


0 
6 


the  quarries  at  Langcombe,  the  di- 
stance of  which  from  Garsington  is 
about  a  mile.    

After  a  thickness  of  between  40  and 
50  feet  of  clay  as  above  mentioned, 
there  were,  at  Gatson's  Bam^  the  fol- 
lowing beds,  abounding  in  Pectens  and 
other  smaller  shells. 

1.  Rubble  full  of  broken  shells  .  • .  •        1     0 

2.  Rubble,  somewhat  slaty.  • .  .about     10    0 

8.  Coarse  yellowish  sand,  with  whitish  -i 
ranges,  containing  numerous  frag-  I    1     ^ 
ments  of  shells J 

4.  Stone  in  concretions    

5.  Sand  nearly  as  above,  but  finer,!    ^    « 
somewhat  concretional j 

6.  Stone;  a  congeries  of  shells,  mixed 
with  sand  concreted  by  calcareous 
matter,  and  containing  black  flint 
pebbles,  Pernae,  numerous  small 
Gryphites  and  Pectens,  and  large 
flat  bivalves. 

7.  Sand  connected  with  5 2    6 

The  lower  part  of  this  group  seems 
to  represent  the  Weymouth  beds,  or 
the  upper  part  of  the  Coral  rag. 


(146.)  Kimmeridge  Clay. — In  one  of  the  quarries  at  Headington,  the 
clay  over  the  Oxford  oolite  was  thus  : — 

Claj/-pits,  IIeadington, 

1.  (Surface)  "  Loam!'     5  6 

2.  "  Brick-clay"  with  fragments  of  Oysters  and  Gryphites  .-—about  3  feet  from  bottom,  1  ^  a 

full  of  small  shells ]]  ^  ^ 

3.  "  Blue-stoncy"  in  concretions,  on  an  average  about  a  foot  in  thickness 1  0 
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4.  "  Clay,"  dark  muddy  blue    altogether  about     1 1     0 

At  top  containing  Terebratulse  and  Gryphites. 
About  2  feet  from  top,  a  bed  of  Ostrea  deltoidea. 
At  4  feet  from  top,  a  second  bed  of  the  same. 
About  7  feet,  Ammonites  and  several  small  bivalves. 
In  some  places  Belemnites,  at  the  loi/ver  part. 

5    "  Rock;**  reddish  yellow  sandy  limestone  : — (^Oxford  oolite). 

(147.)  Oxford  Oolite. — The  section  No.  18'  shows  the  manner  in  which 
this  group  comes  in^  after  the  gault  and  green-sand,  on  the  great  road  from 
London;  and  the  transverse  section^  Plate  X  b.  fig  10.^  further  explains  its 
relation  to  the  Portland  stone  and  sands^  which^  in  the  eastern  part  of  Sec- 
tion 18^  are  either  wanting,  or  concealed  by  a  prolongation  of  the  gault  and 
green-sands.  The  Oxford  oolite  is  seen^  in  the  transver^^e  section^  to  rise 
from  beneath  the  heights,  towards  the  west  of  north,  at  an  angle  of  about  9°; 
and  it  is  probable  that  all  the  strata  here,  from  the  Portland  downward,  decline 
more  to  the  south  than  the  chalk  and  the  upper  members  of  the  series :  they 
seem  to  form  the  southern  slopje  of  a  curve  or  saddle,  the  opposite  side  of 
which  would  descend  towards  the  north,  somewhere  between  Wheatley  and 
the  Brill-hill  range.  The  lower  beds  here  are  much  harder  than  the  rest  ; 
they  consist  of  sparry  limestone,  including  oolitic  grains,  and  the  masses  are 
blue  in  the  middle :  I  obtained  from  them  an  0»trea ;  Terebraiula  media ; 
Melania  Heddingtonensis ;  and  a  Spongia. 

(148.)  Section,  PI.  X.  a.  A/b.  19.  From  the  chalk,  through  Thame  and 
Long  Crendon^  to  Brill  and  Muswell  Hill. — The  characteristic  of  the  sec- 
tion on  this  line,  is  the  distinctness  with  which  the  Portland  sand  is  exhibited, 
almost  throughout  its  course.  The  superior  strata  are  best  seen  in  the 
quarries  around  Brill,  and  at  some  points  on  the  ridge  between  that  place 
and  Long  Crendon. 

The  tract  on  the  north  and  east  of  Chinnor,  on  the  line  thence  to  Thame,  has  very  obviously 
been  at  one  time  the  bottom  of  a  sea  or  lake,  over  which  the  chalk  impended  as  a  lofty  shore ; 
and  near  which  the  tides  or  currents  acted  with  such  uniformity  as  to  level  down  the  ridge  of  the 
lower  green-sand ; — while  on  the  west,  the  ranges  of  Brill,  Quainton,  Whitchurch,  and  other  less 
prominent  summits,  stood  out  as  banks  or  islands,  at  a  short  distance  from  the  land.  These  re- 
lations are  all  very  well  seen  from  the  ground  about  Barley  Hill,  on  the  north-east  of  Thame. 

Gault. — At  a  point  on  or  near  the  section,  between  Black  Ditches  Hill,  Cotmore  Walls,  and 
Sydenham-hurst,  a  well  had  been  sunk  forty  feet,  and  then  bored  to  fifty  more,  entirely  in  tough 
dark  blue  clay,  beneath  which  was  sand  rock. 

Lower  Green-sand. — In  a  great  number  of  the  quarries  in  this  part  of  the  country,  the  ferruginous 
sands  at  the  upper  part  are  separated  from  the  rubbly  stone  beneath,  by  dark  tough  clay,  4  to  9 
inches  thick,  which  follows  the  irregularities  of  the  mass  below,  and  coats  the  bottom  of  cavities 
like  the  '* Gulls"  of  Hazeley,  (p.  276.).  The  stony  matter  seems  to  be  either  the  "  Malm''  of 
Garsington  and  Combe  Wood,  or  the  representative  of  some  other  portion  of  the  Purbeck  series. 

TOL.  IT. SECOND  SERIES.  2  O 


888  Dr.  FiTTON  on  the  Strata  below  the  Chalk. 

Ft  In. 

[Lomer  GreensandJ] 

1.  a.  Ochre  and  ferruginous  matter 0     91.     ^ 

6.  Dark  grey  clay    0     4  to  0     9  J 

These  substances,  as  at  Great  Hazeley  &c.,  vary  much  in  thickness,  filling  up 
eroded  cavities  in  the  top  of  2,  next  below. 

[Pwrhech.'] 

2.  Rubble  (the  '*  Malm  "  of  Garsington  and  Combe  Wood) ;  passing  at  the  lower  part  into 

firm,  slaty,  cream-coloured  limestone,  in  which  green  matter  is  diffused, — but  not  in 
grains ;  as  in  some  of  the  upper  Purbeck  beds  on  the  Dorsetshire  coast. 

3.  Clay : — uniform,  without  the  stony  fragments  of  the  Portland  "  Dirt."     I  could  not 

learn  that  any  petrified  wood  had  been  found  here  in  this  situation. 

[Portland  itone.'] 

4.  Scone,  with  Portland  fossils,  beneath  which  is  sand   here  about     8    0 

[Portland  iand,"] 

5.  Below  the  foregoing  beds,  on  the  descent  towards  Thame,  are, — 

a.  Sand,  with  very  numerous   green  particles,  about  18  inches;    enveloping  1 
coarsely  concreted  nodules,  about  9  inches  thick • j 

6.  Rubbly,  somewhat  sandy,  grey  stone,  with  green  particles, — like  Kentish  rag :  -i 

under  which  are  knobby  concretions,  of  a  marly  stone  with  green  particles,  ['18     0 
containing  davellated  Trigonise    12  0  to  J 

6.  Greenish  grey  sand.    At  its  junction  with  5,  and  for  about  6  or  8  inches  downwards,  n 

are  worn  fragments  of  black  Hint ;  with  Trigonia,  Perna,  and  an  oblong  bivalve — a  I   30     0 
Panopaea   • about  J  

The  whole  thickness  of  the  Portland-sand  here  is  about       50    0 

7.  Beneath  is  clay. 

The  greatest  superficial  extent  of  the  Portland  sand  in  this  part  of  the  country  occurs  near 
the  village  of  Thame ;  extending  from  Scotsgrove  and  Scotsgrove  Hill  on  the  nortli,  to  Priest-end 
and  Morton  on  the  south ;  and  from  Dropshot,  near  Cotmore  Walls,  west  of  Thame,  to  the  flat 
between  the  river  and  Long  Crendon.  The  apparent  range  of  the  formation  thence,  by  North 
Weston,  Rycote,  and  Albury,  to  the  heights  above  Wheatley,  I  did  not  examine. 

Pit  at  Barlej/  Hill,  east  of  Thame. 

The  strata  dip  at  an  angle  of  about  5°,  towards  a  point  about  10°  south  of  east. 

1.  Soil  and  loam 2ft.  6  in.  to  2  ft.  9  in.         2    6 

[Portland  Sand.] 

2.  Irregular  concretional  lumps  of  calcareous  stone  with  green  particles,  interspersed  in  -| 

sand.     Petrifactions  numerous: — Pernae,  with  Lithodomi,  and  Ammonites;  Pla-  I     6    0 
giostoma  msticutn,  (near  Towersey) about  J 

[This  is  evidently  a  continuation  of  the  group  at  Long  Crendon,  on  the  opposite 
side  of  the  valley  of  the  Thame.  It  precisely  resembles  part  of  the  cliff  immediately 
north  of  La  Creche,  on  the  French  coast  near  Boulogne.] 

3.  Sand ;  becoming  greener  as  it  descends.    At  the  top,  few  concretions  of  stone.     At  -i 

the  bottom,  the  whole  consists  of  greenish  matter,  not  to  be  distinguished  from  that  I      1     0 
of  the  Lower  green-sand  near  Folkstone.    Serpuht  very  numerous    J 

4.  Coarse  stone  interspersed  in  sand;  with  numerous  fossils,  especially  Ammonites,  and  1 

Trigonia  gibbosa     r      1     ^ 

j.   More  compact  and  uniform  greenish  or  bluish  rock,  w  ith  green  particles ;  like  soft  1 

Kentish  rag.     In  some  of  the  quarries  it  is  tit  for  building r      ^     ^ 
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6.  Sand ;   SO  feet  (at  least).     The  top  only  is  visible  here,  but  in  other  pits  nodules  of!     ^^     ^ 
great  size  are  scattered  in  it  irregularly,  close  to  the  stone  5 J 

These  nodules  are  distinctly  seen  at  an  adjacent  place  called  Dropshot.  They  are 
from  S  to  4  feet  in  length,  and  about  18  inches  thick,  and  consist  of  large  sub- 
globular  masses  of  hard,  bluish  green,  sometimes  highly  calcareous,  crystalline,  grit, 
(here  called  "  Bluestone "),  like  that  of  the  concretions  at  Shotover.  In  some 
cases  it  is  remarkable  that  they  are  flat  at  the  top,  while  the  form  beneath  is  sub- 
globular,  (fig.  1.  of  the  subjoined  cut);  pebbles  of  dark  brown  or  black  flint  ad- 
hering to  the  upper  surface,  in  a  gravel-like  crust.  They  are  sometimes  traversed 
by  vertical  cracks  and  veins,  as  in  the  quarries  at  Mont  Lambert  in  the  Boulonnois ; 
and  when  broken,  these  exhibit  flat  surfaces, — as  in  fig.  2,  which  represents  a  large 
nodule,  inverted,  to  show  the  form  of  the  lower  side*. 

Fig.  I,  Fig.  2. 


10     0 


6  Feet 


Muswell  Hill. 

This  hill,  which  forms  the  extreme  promontory  of  this  range,  was  one  of  the  principal  Ord- 
nance stations,  and  is  744  feet  above  the  sea.     The  summit,  I  was  informed,  is  composed  of: — 

1.  Lower  green-sand.  Reddish  sand,  including  concretions  of  a  dark  brown  ferruginous  i 

conglomerate  ("  carstone"),  which  occurs  also  in  large  masses,  and  in  thick  beds,  > 
under  a  very  reddish  and  ferruginous  soil 8  ft.  to  J 

[The  Portland  stone  appears  to  be  wanting  here.] 

2.  Portland  Sand,  with  green  particles ;  Pernse,  Trigoniae,  Sphserae,  &c. 

5.  Kimmeridge  clay :  springs  breaking  out  at  its  contact  with  the  sands.  No  stone,  I 
was  informed,  occurs  between  this  place  and  Blackthorn :  that  which  is  employed 
in  all  the  flat  country  on  the  south-west  of  the  range,  coming  from  Muswell  Hill 
and  Brill. 

From  Muswell  Hill  there  is  a  fine  view  to  the  west  and  north-west,  of  the  great  plain  occupied 
by  the  clays ;  and  westward  over  Otmoor,  which  is  crossed  by  a  Roman  road  from  Oxford  to 
Bicester. 

Oxford  Oolite. — The  stone  of  Blackthorn,  about  3  j  miles  west  of  Muswell  Hill,  is  a  variety 
of  oolite  or  pisolite,  consisting  of  oolitic  grains  disseminated  through  sparry  limestone  of  a  bluish 
colour. 

(149.)  Section,  PI.  X.  a.  No.  20. — From  the  Chalk  near  IVendover, 
through  Aylesbury  and  Whitchurch  in  Buckinghamshire. — The  two  great 
roads  from  London  into  Buckinghamshire  cut  through  the  chalk,  one  by  the 
vale  or  defile  of  Amersham  and  Wendover,  the  other  and  more  northern, 
by  the  Vale  of  Berkhampsteadand  Tring,  the  general  altitude  of  which  above 
the  sea  is  about  350  feet ;  that  of  the  adjacent  heights  of  the  chalk  rising  to 

*  Fig.  I.  is  intended  to  represent  a  vertical  section  of  a  concretional  mass  of  stone  imbedded  in 
sand ;  of  a  subglobular  or  kidney-like  form  below,  but  flat  at  the  top. 

Fig.  2.  is  a  sketch  of  another  nodule,  with  a  vein  at  right  angles  to  the  mass ;  through  which 
a  part  has  been  broken  ofl*. 
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more  than  600  feet.  The  summit  level  of  the  Grand  Junction  Canal  at  the 
opening  of  this  vale  to  the  north-west^  is  404^  feet  ahove  the  sea  :  and  a 
branch  of  the  canal  is  conducted  at  the  same  level  along  the  foot  of  the 
chalk  range  to  Wendover.  The  line  of  Section  No.  20.  runs  from  a  point 
about  two  miles  west  of  that  town^  above  which  Combe  Hill,  or  (as  it  is  called 
in  the  Ordnance  Map)  Wendover  Hilly  rises  to  905  feet  above  the  sea  ;  and 
thence  the  ground  descends  rapidly  towards  Aylesbury^  the  height  of  that 
place  being  about  380  feet  above  the  sea*^  and  a  few  feet  above  the  flat 
occupied  by  the  Kimmeridge  clay  on  the  north-west  of  the  town.  The  slope 
and  undulating  ground  from  the  chalk'  range  to  Aylesbury  are  occupied  by 
the  strata  between  the  chalk  and  the  Portland  stone ;  and  the  corresponding 
tracts  from  Thame  on  the  south-west  towards  Leighton  on  the  north-west^ 
which  is  emphatically  called  ''  the  Vale  of  Aylesbury  '\  consists  of  the  same 
strata.  The  Portland  stone  forms  a  distinct  ridge  from  Hartwell  to  Scots- 
grove,  on  to  the  road  from  Aylesbury  to  Thame,  of  which  the  highest  point 
near  Dinton  Castle  is  not  much  inferior  in  elevation  to  many  parts  of  the 
chalk  range.  Between  Aylesbury  and  Leighton  the  first  rise  of  the  Portland 
beds  is  obscured  by  accumulations  of  superficial  gravel. 

The  Vale  of  Aylesbury  in  general  has  been  lowered  and  levelled  by  the 
agency  of  water ;  but  several  detached  portions  of  the  beds  between  the 
Gault  and  the  Portland  stone,  are  still  found  on  the  higher  parts  of  the  ridge 
about  Stone,  and  on  the  summits  of  the  insulated  heights  beyond  it.  The 
strata  seem  to  increase  in  thickness  in  approaching  their  outcrop,  but  this 
enlargement  is  probably  no  more  than  apparent,  and  produced  by  their 
better  preservation  near  the  most  elevated  points.  If  these  places  were  once 
detached  summits,  or  islands,  in  a  shallow  sea,  of  which  the  chalk  escarp- 
ment formed  the  shore,  the  waves  would  naturally  wear  down  and  carry 
away  the  strata  in  the  lower  ground,  while  the  portions  above  the  reach  of 
their  action  would  remain. 

(150.)  The  members  of  the  series  illustrated  by  the  sections  visible  in  this 
country,  near  to  the  line  of  No.  ^0,  are: — 1.  The  Lower  green-sand;  2.  The 
stmta  thence  to  the  Portland-stone, — including  some  doubtful  traces  of  the 
Hastings-sand,  and  the  Purbeck  strata ;  3.  The  Portland  stone  itself,  with 
the  usual  fossils ;  4.  In  a  few  places,  the  Portland  sand ;  5.  The  Kimmeridge 
clay.  The  following  details  could  not  be  arranged  in  exact  succession,  as  por- 
tions of  many  different  groups  are  frequently  found  in  the  same  pits  ;  but  the 
ists  are  as  far  as  possible  disposed  in  the  descending  order  of  the  strata, 
beginning  with  the  Lower  green-sand. 

•  The  top  of  the  church  tower  at  Aylesbury  is,  according  to  Mr.  Bevan,  425  feet  above  the  sea. 
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Lower  green^sand, — A  considerable  thickness  of  sand  occurs  at  the  top  of  the  ridge  above  men- 
tioned, in  the  space  between  Stone,  Dinton,  and  Cuddington.  Tt  attains  its  greatest  height  near 
Stone,  where  there  is  a  knoll  apparently  composed  of  sand ;  near  which  the  following  beds  were 
found ; — 

Sand-pit  at  Stone. 

Ft.   In. 

Vegetation  and  soil • about  1  ft.  to     S     0 

1 .  Greenish  clay,  like  Fuller's  earth 6  in.  to     0     9 

ft.  Grey  sandy  clay 9  in.  to     1     3 

5.  Rust-coloured  sand,  passing  downwards  into  grey  :  the  lower  boundary  is  ill  defined  1  ^ 
and  irregular 1  ft.  6  in.  to  / 

4.  Whitish  uniform  sand,  marked  by  nearly  horizontal  but  irregular  lines,  of  darker  hue,  1  j. 
grey,  yellow,  brown,  and  nearly  black     about  J 


Total  depth 15     0 

Some  remains  of  the  Lower  green-sand  appear  also  at  the  top  of  most  of  the  sections  following, 
which  are  only  a  selection  from  a  great  number  of  lists.  The  series  in  all  parts  of  the  country  is 
▼ery  nearly  alike :  but  the  pits  being  worked  for  the  sake  of  the  Portland  stone,  have  not,  gene- 
rally, been  opened  in  the  places  most  favourable  to  the  display  of  the  superior  strata. 

The  circumstance  most  deserving  of  notice  in  the  sections  at  Ford,  and  thence  towards  Dinton, 
is  the  occurrence,  near  the  bottom,  of  dark  clay  which  includes  a  layer  of  iridescent  Myuli,  cor- 
responding precisely  in  its  character  and  situation  to  that  at  Bishopstone,  Whitchurch,  and  other 
places  hereafter  mentioned. 

Dinton  Qttarries. — One  of  the  most  remarkable  quarries  in  this  part  of  the  country,  is  on  the 
•outh-west  of  the  cross-road  from  Dinton  to  Cuddington,  where  the  works  have  been  carried  on 
for  more  than  200  years,  the  stone  being  of  excellent  quality.     The  Section  was  as  follows : — 

Stone-pits  at  Dinton. 
All  the  beds  inclining  a  little  to  the  east. 

1.  Vegetable  soil,  and  reddish  loam about  2  0 

2.  Ferruginous  sandy  loam 0  6 

3.  Greenish  grey  clay    0  9 

4.  Brownish  and  grey  clay lft.3in.to  3  0 

[The  great  variation  in  thickness  of  this  bed  arises  from  its  entering  at  the  bottom 
into  the  irregularities  on  the  surface  of  6.  which  are  coated  throughout  with  the  in- 
termediate Uiin  bed  of  clay  (5.)] 

5.  Dark,  umber-brown,  tough  clay,  with  much  oxide  of  iron 2  in.  to     0     4 

At  the  bottom  of  the  bed  are  My  tili,  and  decomposed  fragments  of  other  shells. 

[Purheck  Strata.'] 

6.  Grey  day  and  soft  stone  (freshwater  limestone)  becoming  white  at  the  bottom  by  de- 

composition :  at  the  lower  part  more  continuously  laminated^  but  including  through- 
out irregular  masses  of  stone,  in  some  places  penetrated  by  minute  tubular  cavities, 
slightly  bent  and  of  uniform  diameter, — probaby  the  work  of  lithophagous  animals, 
or  such  as  might  be  produced  by  the  removal  of  slender  twigs.  The  decomposed  ^  3  0 
parts  of  this  stratum  pass  into  the  firmer  masses;  as  in  the  "  Malm  "  of  Garsington. 
It  contains  a  few  spiral  univalves  like  those  of  that  place  and  Combe  Wood,  including 

Paludma  (elongata  ?),  with  small  Modiolse,  and  a  Cydas  ? 

(3  feet  thick  in  an  adjacent  pit).  •  •  • 

r.  Between  6.  and  8.  is  a  thin  bed  of  tough,  dark,  somewhat  ferruginous  ?  clay,  with  iri- 
deicent  My  tili  (3f .  LyelUi  ?)  at  the  bottom  
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FtlB. 


}. . 


8.  Whitish  beds  of  nearly  uniform  aspect. 

a.  Soft  fissile  marl  or  limestone  in  about  six  beds  ;  the  divisions,  however, 
seem  to  be  the  effect  of  decomposition 3  ft.  to 

6.  Uniform  hard  grit  or  sandstone,  consisting  of  quartzose  sand  in  a  cal-  I 

careous  cement J  5    0 

9.  Stony  concretions,  in  greenish  very  fissile  sandy  clay ; — 3  to  5  beds  ;  passing  into,  andl  , 

continuous  with  10 J 

10.  Fissile  sandy  matter ;  and  grey,  sandy  clay,  passing  into  11    1     C 

11.  Fissile,  tough,  yellowish,  sandy  clay,  containing  much  calcareous  matter,  and  including  1 
Cypris,  Mytili,  and  Modiolae    / 

\Portland  Stone.'] 

12.  Beds  of  good  stone ;  grey  without,  blue  within. 

a.  "  Canping"  full  of  shells  ;  like  the  «*  Roche  "  of  Portland 8  in.  to     0     9 

6.  Solid  stone,  the  best 

c.  Soft  stone,  bluish,  full  of  remains  of  shells;  Ammonites  giganteus;  Exogyra 
nana ;  Ostrea,  two  species ;  Plicatula 

Bottom  of  the  Quarry    

The  proportion  of  sand  to  the  stone,  in  these  quarries,  is  much  greater  than  in  those  of  the 
coast,  the  Portland  stone  here  appearing  generally  in  the  form  of  concretions  in  the  sand :  and  thii 
is  the  case  also  in  the  Boulonnois.  Near  .Dinton  Castle  the  stone  assumes  the  form  of  insulated, 
subglobular,  or  potatoe-shaped  concretions,  containing  great  numbers  of  Oysters,  with  other 
fossils. 

(151.)  One  of  the  most  prominent  circumstances  in  the  upper  part  of  the 
preceding  sections,  is  the  contrast  between  the  arrang^ement  of  the  sands  and 
Fuller's  earth,  or  ochreous  clay,  and  that  of  the  beds  which  represent  the 
Purbeck  formation  immediately  below  ;  the  upper  surface  of  the  latter  being 
commonly  indented  or  eroded  into  cavities  and  inequalities,  from  a  few  inches 
to  four  or  five  feet  in  depth,  which  are  generally  coated  with  a  thin  stratum 
of  clay,  and  then  filled  up  with  sand  and  gravel.  These  appearances,  which 
are  perfectly  analogous  to  that  represented  at  p.  276,  in  the  cut  of  the  "Gulls" 
of  Great  Hazeley,  and  to  the  discordance  of  the  two  sands  at  Swindon,  p.  265, 
are  observable  in  all  the  pits  of  this  country.  They  clearly  show  that  an 
interval  must  have  elapsed  between  the  deposition  of  the  Purbeck  strata  and 
that  of  the  Lower  green-sand,  during  which  the  surface  of  the  former  was 
disturbed,  by  the  operation  no  doubt  of  water. 

(152.)  The  tough  clays,  near  the  junction  of  the  incumbent  strata  with 
the  Portland  beds^  are  well  seen  in  many  of  the  pits  of  the  lower  country, 
as  at  Bishopstone  and  Southwarp,  and  in  the  heights  about  Whitchurch  and 
Quainton.  It  is  difficult  or  impossible,  in  some  cases,  to  determine  whether 
they  are  to  be  referred  to  the  Fuller's  earth  of  the  Lower  green-sand,— to 
some  of  the  beds  subordinate  to  the  Weald-clay  and  Hastings-sand,  or  to  the 
Purbeck  series.  But  it  may  be  remarked  tliat,  although  these  clays  alternate 
with  thin  slaty  limestone,  which  contain  Cypris  and  other  freshwater  fossils, 
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no  bed  strictly  resembling  the  ^^  Black  Dirt**  of  Portland  has  yet  been  found 
here^ — none  including^  like  that  bed^  fragments  of  stone,  and  exhibiting  so 
obviously  the  characters  of  a  coarse  gravelly  soil :  nor  have  I  seen  or  heard 
of  any  instance  north  of  Garsington^  in  which  silicified  wood  has  been  found 
in  this  part  of  the  series.  It  can  only  be  said^  therefore^  that  the  beds  above 
the  Portland  here  resemble  those  of  the  coasts  in  their  sudden  contrast  with 
the  Portland  strata^  from  the  abundance  of  the  freshwater  fossils  which  they 
contain^  and  the  frequent  alternations  of  beds  of  clay^  or  mud^  with  the  fissile 
limestone  near  the  contact. 

Pit  at  B18HOPSTONE  : — in  "  Church  Furlong  "  belonging  to  Dr.  Lee. 

1.  Soil  bearing  corn.  Ft.  In. 

2.  Fuller's  earth ;  greenish  and  brown.     Thickness  very  irregular.  • .  • 1  in.  to     1     0 

In  this  bed  are  iridescent  Mytili,  like  those  of  the  bed  7.  below,  and  of  the  sections  at 
Whitchurch ;  p.  .^88—289. 

3.  Rubble ;    white,  freshwater  limestone,  decomposed :    containing  Cypris  and  casts  of  1  . 

small  Paludinse,  in  calcareous  spar   j 

4.  Clay  and  stone. 

a.  Light  olive  greenish  Fuller's  earth    0     4 

5.  Soft  limestone     0     6 

c.  Fuller's  earth,  like  a 0     2 

d.  Stone,  like  h 0     3 

e.  Fuller's  earth 0^ 2     j     ^ 

5.  "  Sandstone'^  so  called;  firm,  grey,  and  whitish,  granular  calciferous  grit.  It  has  distinct 

traces  of  the  lines  of  deposition,  and  on  the  surface  some  approach  to  ripple*marks. 

—  Qu(E.  does  it  represent  the  grit  of  the  Hastings  sands  ? 6  in.  to     0     9 

6.  Sand,  alternating  with  ochre  and  clay. 

a.  Sandy  ochreous  clay 0     2 

b.  Dark  greenish  Fuller's  earth 0     2 

c.  Greenish  grey  sand,  mixed  with  calcareous  matter,  and  including  scales  1  ^     ^ 

of  fishes J  ^—L    0  1 1 

7.  Fissile,  calciferous  clay,  or  marl,  passing  into  stone.     In  the  upper  part  are  iridescent ' 

Mytili  {Mytilus  Lyellii  ?  PI.  XXI.  fig.  18.)  like  those  of  2.  above,  and  of  the  pits  near 
Whitchurch. 

a.  Dark,  bluish  grey,  very  fissile  clay,  containing  Cypris  in  great  numbers, 

an  oblong  Unio,  and  small  scales  of  fishes  (Lepidotus).  \,\     5 

b.  Clay;  somewhat  harder,  less  plastic. 

c.  Clay  ;  lighter-coloured  and  still  harder ;  approaching  to  stone. 

All  these  divisions  contain  Cypris  Valdensis  and  another  species ;  a  small 
smooth  Modiola,  a  striated  species ;  and  Cyclas  parva,  PI.  XXI.  fig.  7. 

[^Purbeck.'] 

8.  **PendU"i   fissile,  argillaceous  limestone;    here  of  a  dark  grey  colour ;  in  another^ 

adjacent  pit  almost  white  :  containing  Cypris ;  casts  of  Cyclas  parva,  some  of  which  I  ^ 
include  casts  of  Cypris;  striated  Modiolae;  small  Paludinse;  and  other  small   uni-  f 
valves,  as  in  the  Malm  of  Garsington 4  in.  to  J 

In  some  of  the  pits  hereabouts,  the  *'  Pendle  "  contains  also  a  depressed  Planorbisj  as 
VOL.  IV. SECOND  SERIES.  2  P 
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at  Wockley  in  the  Vale  of  Wardoor,  5.  b.,  p.  252^  and  at  Ganb^too,  3.  c^  p.  277. ; 
with  Potamdet  carmaius  ?. 


IPartloMd.'] 

9.  ^  Bottom  Rock*'.  This,  in  one  of  these  pits,  is  an  agglomerate  of  fragments  of  didls; 
of  a  dark  bluish  hne,  specked  with  white.  In  an  adiacent  pit  it  abomids  in  Trigowse 
and  other  Portland  fossils* — Thickness  not  asoertamed. 

The  beds  below  are  not  Tisible,  and  are  unknown  to  the  workmen. 

The  upper  part  of  several  other  pits  near  Bishopstone  (as  at  Soathwarp  and  the  Ticinity  of 
Dinton,)agrees  with  the  foregoing  list,  in  exhibiting  an  alternation  of  clay,  more  or  leas  like  FoIWt 
aarthf  with  ochre  and  fermginoos  sand :  and  the  very  dark  clay  which  inclndes  iridescent  Mytili, 
occurs  in  so  many  pkces  that  there  can  be  little  doubt  of  its  former  continuity  throughout  dut 
part  of  the  country.  It  is  particularly  distinct  on  the  side  of  the  road  from  Whitdiurch  to 
Winslow,  near  the  turn  towards  Dunton,  about  eight  miles  from  Bishopstone ;  where,  besides 
the  usual  Mydlus,  it  contains  a  Natica  and  another  spiral  univalve  (Melanopsis  ?).  Beneadi 
these  clays  and  sands  is,  universally,  thin  slaty  marl  or  limestone,  with  alternate  thin  beds  of  day, 
containing  everywhere  the  same  fossils ; — Cypris,  Modiolae,  and  spiral  univalves, — among  which 
are  Paludinae,  a  Planorbis,  and  perhaps  some  other  species.  The  whole  group,  therefiyre,  ckariy 
represents  the  strata  above  the  Portland  stone  at  Garsington,  and  in  the  Vale  of  Wardour ;  and 
is,  no  doubt,  the  equivalent  of  the  ^  Slate",  the  ''  Cap**,  the  ''  Dirt",  and  the  other  lower  beds 
of  the  Purbeck  formation,  on  the  Dorsetshire  coast. 

Pit  near  Whitchurch  : — A*  (DenchfieliTs.) 

(Compare  with  the  Section  at  Quainton,  p.  289 — 290.) 

¥u  Ib. 

1 .  Grass,  over  vegetable  soil about    4    0 

[Longer  green-sand  and  WealdenJ] 

2.  Greenish  white,  coarse,  sandy  clay  ;  including  rounded  pieces  of  sandy  stone 7    0 

3.  a.  Tough,  grey,  and  greenish  clay ;  including  h • .  • . .  about     0     9 

h.  A  dark  band  of  very  tough  clay about     0     6 

c.  Clay,  like  a, ;  the  lower  surface  waved  and  irregular.     This,  at  its  June-  ^ 
tion  with  the  darker  clay  above,  and  for  a  short  distance  below,  is  full  of 
a  thin  iridescent  Mytilus,  so  fragile  that  I  could  obtain  only  very  imperfect 
specimens 

4.  A  group,  which  my  guide  called  "  Comstone  ?  ". 

a.  Grey  and  greenish  sand,  irregular  in  thickness 4  in.  to  0  9 

b.  Whitish  clay,  sand,  and  soft  stone    1  5 

c.  Tough,  grey,  and  brownish  clay,  passing  into  d 0  5 

d.  Similar  clay,  including  concretions  of  gritty  stone about  1  0    5    6 

5.  "  Green-stone",  (so  called),  comprising, — 

a,  A  thin  bed  of  hard,  brownish  clay,  like  part  of  3.  above 1  in.  to  0  2 

b.  Fissile  sandy  clay,  greenish  grey 4  in.  to  0  5 

c.  Hard  calciferous  gritty  stone,  in  irregular  concretions 0  4 

d,  A  band  of  yellowish  grey  soft  sandy  clay  or  marl   about  1  0    2    0 

The  calciferous  grit,  5,  c,  which  is  like  that  of  Bishopstone  (5.  p.  287.),  and  of  Quainton 
(9.  p.  290.),  deserves  notice,  from  its  resemblance  to  the  grit  of  the  Hastings  sands :  and  it 
contains  at  Quainton  casts  of  a  spiral  univalve, — Paludina  (or  Natica?). 


yo    9 

2    0 
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{^Purheck.'] 

6.  **  Healh'\   Green  and  grey  sand,  of  firm  consistence ;  at  the  bottom  mixed  with  whitish 

fissile  matter  ••••• • 

7.  An  indistinct  bed  of  soft  fissile  limestone  {**Pendle*\  my  guide  calls  it),  which  seems 

to  pass  below  into  very  hard  stone,  including  Cypris  and  worn  ovoid  particles  of 
whitish  stone.     It  contains  also  small  bones  and  scales  of  fishes    

8.  The  beds  below  7.  are  here  uncertain;   but  are  visible  in  some  other  pits. 

The  Portland  strata  here,  in  general^  differ  from  those  of  Portland  Island  and  of  Dorsetshire; 
no  thick  beds  of  good  stone  occurring,  and  no  flints. 

I  saw  here  no  traces  of  silicified  wood,  nor  of  Cycadese,  though  I  examined  everywhere  the 
beds  of  clay,  with  the  hope  of  meeting  them. 

In  another  pit  near  Whitchurch  the  lower  beds  were  visible^  the  whole  being  thus : 

Pit  near  Whitcburch  i — B. 

Rubble. 

\Weald  Clayt  and  Hastings  Sandl^,  Ft  In. 

1.  Stony  matter,  much  decomposed 4  0 

2.  Dark  brown  and  grey  tough  clay,  with  some  layers  of  sand,  including  Mytili    •  • » 1  0 

S.  **  ComsUme";  (see  4.  of  the  preceding  list)    • 0  2 

4.  "  Cfuesecakes" ;  clay  in  very  thin  flakes,  alternating  with  sand.     (Compare  with  the  1^     . 

alternation  described  in  (83.)  p.  168.) •  •  •  •  J 

5.  Rubble  and  sandy  stone  0  10 

6.  "  Greenstone**;  concreted  sand,  and  grit,  like  that  of  Hastings  ? — (See  5.  c.  List  A.  last  1  ^     ^ 
page.) 6  in.  to  J 

7.  **  Firestone** ;  soft  limestone    0  10 

8.  a.  Sand ;  uniform^  greenish -grey,  coherent 1     6 

6.  Dark  clay    0     2     1     8 

IPurbeck  Strata.'] 

9.  "Pendle**;   soft  fissile  limestone,  including  worn  rounded  particles  of  stone,  which*) 

give  to  the  whole  the  aspect  of  oolite ;  and  containing  Cypris ;  Modiola,  two  species ;  |-1     6 
a  My tilus  ;  Cyclas  parva ;  and  portions  of  an  Astacus   J 

IPortland.'] 

10.  Limestone;  often  bluish,  abounding  in  TrigonisB,  Venericardia,  and  other  Portland  1  ^     ^ 
fossils •./ 

11.  Good  stone, called  "  Builders** ;— often  bluish 2 6 

Bottom  of  the  Pit.  Total  about  10  ft.  to  12     0 


Pits  at  the  top  of  Quainton  HiLLy 

About  a  furlong  east  of  the  Ordnance  Station,  which  is  754  feet  above  the  sea      Beds  inclined 
towards  the  south  at  about  3^  30'. — See  the  Transverse  Section,  PL  X.  b.  fig.  10. 
[Loner  greensand,  and  Wealden  ?]• 

1.  Red  sand,  with  concretions  of  hard  ferruginous  conglomerate ;  ochre  at  the  bottom  :— 

visible  about     2    0 

2.  a.  Clay  and  sand ;   brownish  and  grey,  in  thin  alternating  flakes  •  • .  .about     1     6 

6.  Fuller's  earth  s  wax-like,  as  at  Brill,  (4.  p.280.)    0     9     2     3 

2p  2 
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Ft   In. 

3.  White,  and  brown,  sand  and  clay    • «     0     9 

4.  Alternate  beds  of  white,  reddisli,  and  yellowish  sand,  and  thin  courses  of  grey  clay  4  ft.  to  6     0 

5.  a.  Dark  brown  clay,  called  here ''  BlackDirt** about     0     41. 

b.  Alternate  beds  of  tough  grey  clay  and  sand 1     Oj 

6.  Greenish  sand,  said  to  be  6  feet  thick  • 6     0 

Total about  17     0 

The  beds  next  below  are  obscure,  from  subsidence :  the  order  was  stated  to  be  as  follows : — 

7.  "  Black-dirt" ;   tough  dark  clay 0     S 

8.  "  Grey  dtVf " ;  grey  sandy  clay,  with  fragments  of  shells   about     6  ?  0 

9.  "  Hard  8tone*\  consisting  of  siliciferous  grit  or  sandstone ;  containing  Paludina  eUmgatat  n 

and  Cyclas?.     Has  been  found  in  masses  5  feet  thick  15^  feet  long :  used  for  paving  >3     0 

roads     {Quce,  the  grit  of  the  Hastings  sand  ?) J 

26     3 

The  following,  still  lower  than  the  beds  above  detailed,  are  seen  in  another  part  of 
the  hill,  under  red  sand  and  hard  ferruginous  conglomerate,  {car stone,) 

[Purhech'] 

10.  ** Heath'*;    white  sand  and  clay;    full  of  decomposed  shells  in  layers; — Mytilus;!  ^     ^ 
striated  Modiola ;  and  Cypris / 

11.  *'  Pendle",     Fissile  oolitic  stone,  containing  C3rpri8,  Cyclas  parva,  Mytilus,  and  Mo«1  ^ 
diola ; — as  at  Dallard's,  in  the  Vale  of  Wardour,  pp.  249, 250    J 

1  did  not  see  any  remains  of  trees,  or  of  Cycadesc,  in  these  quarries,  nor  hear  of 
any  from  the  quarrymen.  But  among  the  specimens  which  I  obtained  in  the  village 
of  Quainton,  said  to  have  come  from  the  hill,  was  that  represented  in  Pi.  XXII. 
fig.  11,  which  possibly  may  have  been  part  of  a  Cycadeous  plant?.  The  specimen 
however,  differs  both  from  the  trees  and  Cycadeae  of  the  Dorsetshire  coast,  in  being 
calcareous,  effervescing  copiously  with  acids. 


6 


The  following  beds  were  seen  best  in  the  eastern  pits,  near  the  Ordnance  Station, — 

IPortland.'] 

12.  "Builders"  limestone,    fit    for   building,  containing   Pecten    lamellosus  and  smalll  ^     ^ 

ModiolflB    2f\.6  in.  to/  ^     " 

Among  the  Portland  fossils  from  the  quarries  of  Quainton  Hill  which  I  saw  in  the 
village  was  an  Ammonite  18  inches  in  diameter,  with  a  Belemnite  imbedded  in  it. 

13.  "Zime«<on€",  full  of  petrifactions;   Trigonia  externa,  T.  gihbosa,  T.incurva;  Pecten\^ 

lamellosus,  with  Gastrochaense ;  Pleurotomaria   5  f\.  6  in.  to  J 

14.  Sand about  6  0 

15.  **  Middle  Rock",  and  Rubble ;  stone  abounding  in  fossils    5  0 

16.  Sand 2  0 

17.  Greenish  concretional  stone,  rugged  and  sandy 1  ft.  6  in.  to  2  0 

18.  "  Bottom  rock",  greenish  gritty  limestone,  with  stems  of  SiphonisB.    The  pits  are  never 
dug  lower. 

The  Portland  stone  as  it  approaches  the  outcrop  in  this  part  of  the  country,  becomes  much 
more  sandy  at  the  lower  part,  and  seems  to  pass  into  the  sand  beneath.  The  quarries  on  the 
north-west  of  Whitchurch,  towards  North  Marston,  include,  between  two  beds  of  stone,  a  stratum 
of  uniform  grey  sand,  eight  feet  thick ;  which  preserves  its  thickness,  and  is  well  known  to 
the  quarrymen  in  other  parts  of  the  adjacent  country.  The  stone  is  worked  (and  perhaps  exists) 
only  in  a  few  places  on  the  north  and  east  of  Whitchurch ;  but  from  its  extensive  occurrence  at 
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Church  Farm  on  the  west  of  >Ving, — and  again  at  North  Tinkershole  south  of  Stewkley^  on  the 
north  of  Dun  ton,  and  west  of  Hogstone, — it  would  seem  that  the  upper  part  of  most  of  the  flat- 
topped  heights  thereabouts  may  have  once  been  occupied  by  this  formation*. 

The  Portland  strata  also  occur  at  Weedon  on  the  south  of  Whitchurch,  about  midway  to 
Bierton,  the  western  part  of  which  village  stands  upon  them.  But  I  was  assured  that  no  stone  had 
been  obtained,  though  oflen  sought  for,  at  Cublington,  Aston  Abbots,  and  Wingrove ;  the  two 
places  last  mentioned  affording  only  sand  and  gravel  f* 

The  Portland  sand  is  little  disclosed  near  Aylesbury ;  though  it  comes  to  the  surface  around 
the  town  beneath  a  thin  capping  of  Portland  stone.  The  road  from  Tring  to  Aylesbury,  a  little 
west  of  the  37th  milestone,  is  crossed  by  sand,  which  includes  green  particles  and  worn  fragments 
of  black  flint ;  and  the  subjacent  clay  makes  its  appearance  close  to  Aylesbury  on  the  north.  One 
of  the  most  distinct  sections  of  the  sand  was  visible  at  the  entrance  of  Whitchurch,  where  the 
road  to  Aston  Abbots  strikes  off  from  the  main.  A  good  section  also  was  obtained  from  com- 
bining that  of  one  of  the  pits  at  the  Warren  near  Tinkershole  on  the  south  of  Stewkley,  with 
another  north  of  Dunton. 

WaiTCHURCHy  at  the  cross-road  to  Aston  Abbots, 
[  Lower  green-sand  ?  ] 

1.  Yellowish  sandy  soil. 

2.  Greenish  and  reddish  sandy  clay. 

IPortland  Smui.']  Ft  In. 

3.  Concretional 

Venericardia, 

4.  Harder  stone,  in  irregular  concretions,  abounding  in  green  particles,  and  containing  worn 

fragments  of  blackish  flint  or  chert.     Very  large  specimens  of  Ammonites  biplex,  as  on 
the  shore  near  La  Creche,  Boulonnois ;  Pecten  concentricus ;  large  Venericardia 

{_Kimmeridge  ClayJ] 

5.  Dark  bluish  clay,  continuous  with  that  of  the  descent  towards  Hard  wick,  and  thence  to 

Aylesbury  ;  here  dug  to  the  depth  of  about  20  feet,  and  used  for  making  tiles.  It 
contains  Septaria,  and  nodular  masses  of  phosphate  of  lime, — .which,  when  acted  upon 
by  marine  acid,  afford  the  peculiar  smell  of  Coprolite,  though  they  have  not  its  form. 
Among  the  fossils  here  are  channelled  Belemnites. 

Pit  at  The  WarreNj  south  of  Stejtkley. 

Soil  and  whitish  rubble • about     2     0 

[PurheckJ] 

1 .  a.  Light  yellowish  grey  clay,  passing  into  stone 1     01.      ^ 

6.  Rubbly  limestone 0     9j 

[Portland  Stone."] 

2,  Soft,  uniform,  marly  limestone,  abounding  in  fossils ; — Ostrea  expansa ;  Pecten  lamello-  "i 

sus^  Buccinum  naticoide,  PL  XXHL  fig.  4,  Pema  quadrata,  Pleurotomaria,  Trigoniae,  >6     0 
Venericardia,  and  large  Ammonites -. 4  ft.  to  J 


soft  ftone,  in  irregular  lumps,  full  of  green  particles ;  with  numerous  shells;  1  .     ^ 
iia,  Pernae.     Compare  with  that  of  the  Section  near  Thame ;  2,  p.  282.  . .  J 


*  Moor  Hillf  a  height  about  a  mile  and  a  half  north-west  of  the  village  of  Quainton,  has  a 
nearly  horizontal  top ;  and,  not  improbably,  is  capped  with  Portland  stone  or  sand. 

t  Smith's  map  of  Buckinghamshire  represents  the  Gault  as  extending  to  the  north-west  from 
between  Hulcot  and  Wing,  as  far  as  Cublington  and  thence  to  Cottesloe.  If  this  be  correct,  the 
Portland  beds  may  exist  within  that  space,  at  a  depth  below  the  surface  at  least  equal  to  the 
thickness  of  the  Lower  green-sand  in  this  part  of  the  country :  but  the  map  near  Aylesbury  re- 
quires much  correction. 
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Ft  In. 
0 


S.  Uniforniy  yellowish-grey  sand ;    precisely  resembling  that  which  includes  the  stone  1  ^ 
called  ''  Les  Crises  "  in  the  quarries  near  Boulogne visible  about  J 

[Portland  Sand.'] 

4.  Hard,  dark  brownish-grey  stone,  of  irregular  thickness,  containing  Pernse.  Approach- 1  ^    a 

ing  to  the  nodules  of  Shotover J 

Bottom  of  the  Quarry. 

5.  Below  is  green  matter,  used  to  form  the  floors  of  barns ;  not  visible  here  at  present,  but 

well  seen  near  Dunton. 

In  a  pit  at  DunUm^  the  equivalent  of  the  bed  3.  is  only  three  feet  thick  ;  and  that  of  4.  consists 
of  rubbly  calcareous  stone,  alternating  with  sand,  the  whole  full  of  green  particles,  with  small 
pebbles  of  black  flint, — at  the  bottom  of  which  is  a  continuous  bed  of  greenish  stone,  about  2  feet 
thick,  with  dark  particles,  containing  large  Ammonites,  Pema  quadrata,  and  many  other  fossiis. 
The  equivalent  of  5.  is  tough  green  matter,  apparently  the  same  with  that  which  gives  the  greenish 
hue  to  the  stone.     This  has  been  dug  to  the  depth  of  about  3  feet. 

Kimmeridge  Clay. — This  clay  is  sufficiently  characterized,  at  several  points  near  Aylesbury, 
by  its  occurring  immediately  beneath  the  Portland  sand,  and  by  its  fossils.  On  the  north- 
west of  the  town,  towards  Bierton,  it  appears  beneath  about  five  feet  of  brownish  sandy  clay," 
(Portland  sand  ?,)  which  includes  numerous  fragments  of  flint ;  and  it  contains  Septaria,  with 
Ammonites.  The  tiles  made  of  it  are  of  a  full  red  colour.  Thence  to  the  entrance  of  Whitchurch 
on  the  south,  the  road  appears  to  be  cut  whoUy  in  the  clay :  but  there  are  variations  in  the  hue  of 
the  beds  exposed  along  the  road,  and  perhaps  some  alternating  layers  of  sand.  In  descending  to 
the  streamlet  south  of  Hardwick,  were  iridescent  fragments  of  shells,  with  Gryphaa  {Exogyra) 
virgula^  (PI.  XXIIT.  fig.  10),  and  Aptychus,  (PI.  XXIII.  fig.  11),  in  the  ditches  at  the  road-side. 
At  Quainton,  clay  forms  the  slope  of  the  hill  beneath  the  stone-pits ;  and  a  well  had  been  dug,  at 
the  village,  in  clay,  to  the  depth  of  60  yards ;  among  the  fossils  brought  up  from  which,  were 
beautiful  specimens  of  Ammonites  Gulielmi,  like  those  obtained,  along  with  A.  biplex,  from  East 
Claydon,  about  three  miles  north  of  Quainton,  where  they  were  found  about  20  feet  deep  in 
clay. 

The  clay-pits  beneath  the  hill  at  Stewkley,  about  midway  between  that  village  and  the  Warren 
above  mentioned,  also  afford  Aptychus,  and  Exogyra  virgula ;  with  compressed  Ammonites  of  the 
Kimmeridge  clay,  and  a  species  supposed  to  be  new. 

(133.)  Section  No,  2],— from  Dunstable  through  Hockliffe  to  fVobum; — 
and  No.  21',  Hockliffe  to  Fenny  Stratford. — The  tract  occupied  by  the  strata 
below  the  chalky  from  Aylesbury  to  the  coast  of  Norfolk,  is  even  less  known 
geologically,  than  that  between  Buckinghamshire  and  the  south-eastern  coast; 
the  maps  of  Mr.  Smith  and  Mr.  Greenough,  and  the  general  description 
of  Messrs.  Conybeare  and  Phillips  being  the  only  publications  relating  to  it. 
The  want  of  correct  maps  would  alone  have  prevented  the  complete  examina- 
tion of  this  district;  but  this  impediment  will  soon  be  removed  by  the  com- 
pletion of  the  Ordnance  Survey  from  Bedfordshire  to  Cambridge.  The  fol- 
lowing observations  indicate  only  some  of  the  more  prominent  facts  connected 
with  the  beds  below  the  chalk. 
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The  series  of  strata  in  Sections  21  and  21'^  differs  from  that  of  the  preceding 
sections^  principally  in  the  absence  of  all  the  beds  between  the  lower  green- 
sand  and  the  Kimmeridge  clay^  which  are  found  in  immediate  contact,  at  the 
village  of  Little  Brickhill^  on  the  brow  of  the  descent  to  Fenny  Stratford : 
— this  junction,  which  was  to  have  been  expected  hereabouts^  from  the  evident 
thinning  out  of  the  Purbeck  and  Portland  formations  in  the  north-east  of 
Buckinghamshire^  is  continued  thence^  through  Bedfordshire^  into  Cambridge- 
shire^ and  even  to  the  coast  of  Norfolk. 

The  great  accumulation  of  gravel  and  transported  matter^  rising  in  several 
places  into  hills  and  extensively  concealing  the  strata^  is  another  circumstance 
which  distinguishes  the  vicinity  of  Leighton  Buzzard  from  the  country  towards 
the  south-west^  and  renders  the  examination  of  the  strata  difficult  or  impracti- 
cable. A  similar  coating  of  gravel  is  found  not  only  throughout  Bedfordshire^ 
and  a  great  part  of  the  counties  on  the  north-east  of  it^  but  far  to  the  east  of 
(he  chalk  escarpment  itself^.  The  fossils^  and  stony  substances^  which  com- 
pose this  deposit^  have  been  derived  from  many  different  formations^  some  of 
them  very  remote^  and  are  deserving  of  attentive  examination.  My  collec- 
tion includes  only  a  few  specimens  from  one  of  the  ravines  which  descend  from 
Little  Brickhill^  and  from  the  Platform  between  Stewkley  and  Soulbury^ 
about  510  feet  above  the  sea,  where  the  multifarious  gravel  includes  frag- 
ments of  granite^  and  a  large  proportion  of  chalk.  This  deposit  does  not 
there  form  an  escarpment^  like  the  sands  at  Brickhill^  but  declines  gradually 
towards  the  norths  in  a  series  of  lower  inequalities :  on  the  ^south  and  east^  it 
occupies  a  great  part  of  the  surface  towards  Leighton^  Wing,  and  Cub- 
lington. 

On  the  line  of  the  Section^  No.  21,  the  ridge  of  the  chalk  attains  nearly 
the  greatest  height  which  it  anywhere  exhibits^ — Kensworth  Hill^  south  of  the 
road  near  Dunstable  being  904  feet  above  the  sea ;  but  the  genera!  elevation 
and  that  of  the  principal  summits  both  rapidly  diminish  towards  the  north- 
east. Near  Tring,  the  difference  in  height  of  the  upper  and  lower  chalk 
escarpments  is  strongly  marked ;  and  the  retreat  of  the  former  is  still  more 
conspicuous  near  Dunstable ;  but  the  boundary  of  the  lower  chalk  is  less 
distinct. 

The  Upper  chalk  forms  the  elevated  range  from  the  Five  Knolls,  and  Kensworth  Hill,  904  feet, 
by  the  heights  above  Zouche's  Farm,  8^0  feet,  towards  Luton,  and  thence  to  Whitehill  Farm,  on 

*  At  Muswell  Hill,  on  the  north  of  Highgate  in  Middlesex,  an  accumulation  above  the  Lon- 
don clay,  includes  worn  fragments  of  granite,  porphyry,  micaceous  sandstone,  mountain-lime- 
stone, coal,  lias,  and  chalk,  with  many  of  the  characteristic  fossils  of  those  fonnations :  the  chalk 
especially  being  so  abundant,  as  to  give  the  whole  a  chalky  character.-r-Mr.  Spencer,  in  Proceed" 
ings  of  the  GeoL  Society,  1835 — 6;  vol.  ii.  p.  181. 
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the  north  of  that  village,  and  Lillihoe  in  Hertfordshire,  an  Ordnance  Station  604  feet  ahove 

the  sea. 

The  Lower  chalk,  on  which  the  village  of  Dunstable  is  placed,  runs  from  Totternhoe  on  the 
south-west  of  the  main-road,  through  Houghton  Regis,  Upper  Sundon,  and  Streatley,  on  the 
north-east  of  it. 

On  the  north-east  of  Totternhoe  mines  are  driven  into  'the  hill  at  the  bottom  of  the  chalk,  for 
the  purpose  of  extracting  a  bed  of  uniform  light  greenish-grey,  marly  and  sandy,  firestone,  from 
seven  to  ten  feet  thick.  The  strata  are  traversed  by  numerous  cracks,  which  seem  to  pervade 
the  hill,  and  indicate  disturbance, — or  perhaps  the  effect  of  subsidence. 

The  Gault,  in  Smith's  map  of  Buckinghamshire,  occupies  a  large  part  even  of  the  higher  ground 
between  Whitchurch  and  Wing.  The  Lower  green-sand  runs  out  without  interruption  from  Whit- 
church to  Winslow,  and  is  continued  thence  by  Drayton,  Parslow,  and  Soulbury,  to  the  south  of 
Leighton.  On  the  north  of  that  line,  a  denudation  on  the  course  of  the  Little  Ouzel  river  having 
cut  down  to  the  subjacent  clay,  breaks  in  upon  the  outcrop  of  the  sands,  which  would  otherwise 
have  been  continuous  from  Winslow  to  Brickhill,  and  the  mass  of  the  Woburn  sand-hills.  Be- 
yond the  two  tracts  at  present  continuous,  several  outlying  patches  of  sand,  some  miles  distant 
from  each  other  and  from  the  general  escarpment*,  are  ascribed  to  this  formation  in  the  map; 
all  of  which,  as  well  as  the  wider  tract  between  Winslow  and  Leighton,  deserve  examination,  for 
the  purpose  of  ascertaining  whether  any  of  the  Wealden  beds  are  to  be  found  there. 

The  greatest  expanse  of  the  Lower  green-sand  in  the  midland  counties,  occurs  between  Leighton 
and  Ampthill  in  Bedfordshire ;  rising,  at  the  Ordnance  station  on  Bow-Brickhill,  to  the  height  of 
683  feet  above  the  sea,»-or  about  430  feet  above  the  lowest  point  in  the  valley  on  the  west  of  the 
escarpment  near  Fenny  Stratford.  One  of  the  most  remarkable  subordinate  beds  of  the  forma- 
tion in  this  neighbourhood,  is  Fuller's  earth,  which,  when  I  was  there  (in  1824)  was  brought  out 
by  mining  from  the  north-west  escarpment  of  the  sand-hills,  near  Hogstye-end,  between  the  main 
road  from  Woburn  to  Northampton,  and  that  from  HocklifFto  Stony  Stratford. 

Fuller^s  earth  Pit^  near  Woburn. 

Ft  In. 

1.  Sand;  nearly  uniform,  greenish -grey,  and  yellowish,  including  consolidated  masses'!  -^^    . 

of  sand-rock,  and  dipping  to  the  east  and  south about  j 

2.  Fuller  s  earth. 

a,  "  Top''  of  inferior  quality  ;  not  diffusing  itself  in  water  till  after  it  has 

been  dried :  unfit  for  the  purposes  of  the  clothier    3     0 

b'.  Ferruginous  ?  clay     about     0     1  V   IS    0 

c.  Fuller's  earth,  of  the  best  quality,  very  light  olive  green;  (sold  at  the 

pit-mouth  to  cloth-manufacturers,  for  one  shilling  per  cwt.)    . .  7  ft.  to     9     0 

4.  *' Bottom'* ;  hard  quartz  or  sand-rock ;   the  equivalent,  probably,  of  the  chert  of  the  1      o    q 

Kent  and  Surrey  sand-hills 2  ft.  to  j 

5,  Sand,  like  1  ;  thickness  not  ascertained. 

The  Geological  place  of  the  Fuller's  earth  is  here,  therefore,  nearly  the  same  with  that  ot 


*  These  outliers  are  represented  on  the  Buckinghamshire  map  by  patches  of  colour,  each 
about  half  a  mile  in  diameter,  at  lloundhill,  Whaddon,  Totternhoe,  Wroughton,  Milton-Keynes, 
Broughton,  Moulsoe,  and  Astwood.  In  Mr.  Greenough's  map,  (1st  edition,)  both  Winslow  and 
the  heights  of  Whadden  Chase  on  the  north  of  that  town  form  a  portion  of  the  tract  coloured  as 
Oxford  clay  ;  but  this,  no  doubt,  requires  correction. 
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Nutfield  described  above  (141.);  which,  however,  is  thicker  than  this  of  Bedfordshire,  and  is 
continued  through  a  much  larger  space.  I  did  not  find  here  any  of  those  nodules  of  sulphate 
of  barytes,  which  are  frequent  in  the  earth  of  Nutfield ;  and  in  neither  of  these  two  situa- 
tions, does  this  bed  contain  the  great  number  and  variety  of  fossils  by  which  the  Fuller's  earth 
at  the  bottom  of  the  Lower  green-sand  is  distinguished,  at  Atherfield  in  the  Isle  of  Wight.  In 
the  sands  of  this  part  of  Bedfordshire  siliciGed  coniferous  wood  is  frequently  found  in  large 
detached  pieces. 

These  pits  have  continued  to  supply  Fuller's  earth  for  more  than  a  hundred  years.  They  were 
described,  in  1723,  by  Dr.  Holloway,  in  a  letter  to  the  celebrated  Woodward,  which  is  remarkable 
in  the  earlier  history  of  stratigraphical  geology  in  England*:  the  author  pointing  out  the  paral- 
lelism of  the  range  of  sands,  to  that  of  the  chalk  in  the  Chiltern  hills,  and  suggesting  distinctly, 
upon  geological  grounds,  the  probability  that  other  portions  of  the  sand  range  would  afford  the 
same  valuable  material ;  which,  we  have  seen,  coincides  with  the  result  of  modern  investigation. 

The  junction  of  the  Lower  green-sand  and  the  Kimmeridge  clay  at  Little  Brickhill,  (Section  21' J 
occurs  at  the  north-west  end  of  the  village,  in  the  garden  of  a  small  public-house  called  the 
King  and  Queen,  on  the  south  of  the  road.  Copious  springs  break  out  on  the  road  about  50 
paces  above  this  house.  The  clay,  which  is  here  of  a  dark  blue  colour,  includes  very  fine  spe- 
cimens of  an  Ostrea  deltoidea,  with  Belemnites  ;  and  I  was  told  that  sand  alternates  with  the 
clay  for  a  short  distance  below  this  point. 

(154.)  North-east  of  Bedfordshire. — The  Lower  green-sand^  according  to 
Smith's  map,  passes  through  the  whole  of  this  county,  in  a  band  which  is  in 
general  parallel  to  the  chalk  escarpment,  and  about  five  miles  in  width  ; 
but  its  apparent  dimensions  vary  much,  in  consequence  of  the  irregular  en- 
croachments of  the  gault  over  the  surface ;  that  stratum,  immediately  on 
the  north  of  Section  21,  extending  northward  from  the  little  village  of  Heath, 
through  Potsgrove  and  Froxfield,  to  Steppingley  and  Flitwick.  Ag-ain,  on 
the  east  of  Ampthill,  an  insulated  portion  of  clay,  (the  colour  of  which,  in 
Smith's  map,  is  intended  either  for  Gault  or  Kimmeridge  clay,)  stretches 
in  a  north-eastern  direction  from  around  Maulden  to  South  Hill,  crossing  the 
great  London  road  to  Bedford,  about  the  43rd  milestone.  Since,  however, 
the  full  development  of  the  Lower  green-sand  in  Bedfordshire  renders  it 
probable  that  the  subdivisions  of  the  Kentish  coast  may  be  found  also  in 
this  country,  it.  may  deserve  inquiry  whether  some  of  these  detached  por- 
tions, which  have  been  considered  as  clay, — (especially  between  Maulden 
and  South  Hill)  may  not  belong  to  the  middle,  dark-coloured,  and  retentive 
member  of  the  sands ;  and  the  same  question  may  be  applied  to  a  part,  at 
least,  of  the  remoter  tract  assigned  by  Smith  to  the  Gault,  on  the  north  of 
HockliGT. 

♦  This  document  has  been  inserted  in  Conybeare  and  Phillips's  "Outlines",  p.  138-9.  Dr. 
Woodward  himself  speaks  almost  poetically  of  the  value  of  the  English  Fuller's  earth ;  which,  he 
says,  is  beyond  that  of  the  Diamond  mines  of  Golconda,  &c. : — Edinb.  Rev.  1819,  vol.  xxix. ; 
and  London  and  Edinb.  Phil.  Mag.  1832,  vol.  i.  p.  155. 
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The  course  of  the  upper  chalk  is  prominent  on  the  north  of  east^  from 
Dunstable  through  Hitchin  and  Baldock^  to  Royston  Down  in  Cambridge- 
shire^ which  is  464  feet  above  the  sea  :  but  the  boundary  between  the  lower 
chalk  and  the  strata  next  below  is  not  distinctly  indicated  by  the  external 
features  of  the  country.  The  change  occurs  on  the  main  road  from  London 
to  Bedford^  between  Hitchin  and  SheBbrd^  about  the  37th  milestone :  and 
there  the  difference  in  the  elevation  and  general  appearance  of  the  ground 
is  very  slight ;  in  part  from  the  very  gradual  rise  of  the  strata^  but  chiefly 
from  the  general  diffusion  of  a  coating  of  transported  materials^  which  con- 
ceals them. 

(155.)  List  of  Fossils  from  the  Beds  between  the  Chalk  and  the  Oxford 
Oolite,  in  part  of  Oxfordshire,  Buckinghamshire,  and  Bedford- 
shire. 

{^Superficial  Gravel,] 

Ammonites  (fragments).     Chelsey,  near  Leighton,  Bedf.     (From  the  Gault  ?•) 

Belemnites  minimus  ?  (fragments).     Stone  Lane,  north  of  Heath,  Bedf. 

B .     Gravel-pit  north-east  of  Stewkley,  Bucks :  with  fragments  of  chalk ; 

top  of  the  high  grounds,  Brigginton,  &c.,  near  Leighton,  Bedf. 
Chrj/pJusa  dilataia  (much  worn.)    Gravel-pit  north-east  of  Stewkley,  Bucks. 
G  (fragments).    Stone  Lane,  north  of  Heath,  near  Leighton,  Bedfordshire. 

G obliqua  (much  worn.)    Gravel-pit  north-east  of  Stewkley. 

Ostrea  deltoidea  (fragments).     Stone  Lane,  north  of  Heath,  Bedf. 

Serpula.     Gravel-pit,  north-east  of  Stewkley. 

Terebratula.    In  rolled  piece  of  sandy  limestone.   Gravel-pit  north-east  of  Stewkley. 

Spongia  ?     Flint,  enveloping  Sponges  ? :    worn.     (No  doubt  from  the  upper  chalk.) 

Gravel-pit  north-east  of  Stewkley. 

[Lotver  Chalk  and  Chalk  Marl."] 

Ammonites  lautus.     In  pale  marly  clay  (chalk  marl).     Tetsworth,  Oxf. 
Terebratula  semiglohosa.    Tetsworth,  Oxfordshire :  in  flint. 

[Upper  Green-sand,'] 

Inoceramus.    Between  Tetsworth  and  Thame,  Oxf. ;  with  Yermetus,  in  bluish  grey 

firestone.  ^ 

Mj/iilus  (new  species?).     Between  Tetsworth  and  Thame  :  in  soft  gritty  firestone. 
Siphonia.     Impressions  of  stems.     Totternhoe,  Bedf. 
Vermetus.     Between  Tetsworth  and  Thame :  with  Inoceramus ;  in  bluish  c);rey  stone. 

iGault,'] 

Ammonites  decipiens.     Compton,  Bedf.    Mr.  Goodhall. 
Avicula.    Compton,  Bedf.     Mr.  Goodhall. 
Crenatula.    Compton,  Bedf.    Mr.  Goodhall. 
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Exogyra  cornea.    Compion,  Bedf.    Mr,  Goodball. 
Inoceramus  suleatus.    Compton,  Bedf.    Mr.  Goodball. 
Nucula.    Compton,  Bedf.    Mr.  Goodhall. 

[Loner  Green-sand.'] 

Siphonioy  Casts  of  stem.    Quainton  pit,  east  of  Ordnance  Station  :    in  the  ^^  Bottom 

rock." 
Woody  Coniferous,  silicified.    Woburn  Sands,  Bedf 

[Hastings  Sandh] 

CtfclaSy  impressions  of.     Quainton,  Bucks:  pit  at  the  highest  part  of  the  hill  in  grey 

calciferous  grit,  ^'  Hardstone.*' 
Paludina  elongata  ?     Impressions.     Same  place  and  situation. 
Serpula  ?•    Coney  Hill,  Bucks.     In  grey  uniform  grit, — ^^  Sandstone". 

[Purheck  Strata.] 

Astacusi.  Whitchurch,  Bucks.  In  freshwater  limestone,  ^^Pendle",  with  worn  par- 
ticles like  oolite. 

Astarte.    Same  place  and  situation. 

Cyclas  media.  Hartwell,  Bucks ;  with  Modiola.  Whitchurch ;  with  Ct/pris  Vol' 
densis.  Weedon  ;  in  stone  like  the  ''  tilestone  "  of  Ladydown,  and  the  ^^  slate" 
of  the  Isle  of  Purbeck. 

C elongata.    Whitchurch,  Bucks. 

C  parva.    Horton's   Pit,  near  Bisbopstone,  Bucks;    in  slaty  soft  limestone. 

Bishopstone  (Dr.  Lee's  pits)  in  soft  bluish  stone.  In  great  numbers  at  Weedon, 
in  the  ^^  Pendle".  Whitchurch ;  impressions  in  fresh  water  limestone,  with  worn 
rounded  particles.     Quainton;  Western  Pit,  in  the  "  Pendle". 

C (a  large  species).     Quainton,  West  Pit.     Whitchurch,  Bucks.     Haddenham, 

Bucks  :  in  slaty  limestone.     Garsington,  Oxf. :  in  the  '^  Malm  ". 

Cypris  Valdensis  ?.  Whitchurch,  Bucks.  Bishopstone,  in  soft  bluish  shale,  Quainton. 

C (species  uncertain).     Combe  Wood,  and  Garsington,  Oxf.:   in  the  "Malm"; 

with  Paludina  elongata.  Denton,  Bucks  :  in  slaty  soft  clay.  Weedon ;  in  stone 
like  the  **  Tilestone  "  of  Ladydown,  and  the  "  slate  "  of  Purbeck.  Ford,  numer- 
ous. Horton's  Pits,  Bishopstone  in  sub-oolitic ;  stone  :  and  in  soft  bluish  slaty 
stone,  at  Dr.  Lee's  pit.     Southwarpe.     Quainton.    Whitchurch. 

Limnaa}.  Garsington:  in  the  "Malm", — the  representative  of  the  "Cap"  of  Port- 
land. 

Melanopsis  ?.  In  dark-brown  clay  above  the  Portland  strata.  Road  from  Whitchurch 
to  Winslow. 

Modiola.  Remains  of  two  or  more  species,  one  deeply  striated.  Garsington  and 
Combe  Wood,  Oxfordshire :  in  the  "  Malm."  Hartwell  and  Bishopstone, 
Bucks.  Southwarpe:  in  soft  fissile  limestone.  Whitchurch.  Quainton  :  a  small 
species  in  tough  sandy  clay  :  in  the  bottom  of  the  "Heath",  over  the  "  Pendle  ". 

2q  S 
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Myiilus  Lyellii  ?     PI.  XXI.  f.  18.     Bishopstone  :  Dr.  Lee^s  pit.    Near  Whitchurch, 

on  the  road  to  Winslow  :    numerous ;  in  light  greenish  grey,  alternating  with 

dark,  tough  clay,  over  the  top  of  the  Portland  strata. 
M .    Another  species,  smaller  and  narrower  than  M.  Lyellii,    Combe  Wood, 

^^  Malm  ".    Dinton,  Bucks.    Bishopstone.    Horton*s  Pit ;  in  slaty  soft  limestone* 

Dr.  Lee's  pits.    Weedon.     Whitchurch.    Quainton. 
Ostrea  expansa.     Horton's  Pit,  Bucks.     {Qua.  in  Portland-stone  ?) 

O (thin-shelled).     Combe  Wood :  "  Malm  ". 

O (fragments   of  another  species).     Whitchurch,  Bucks;   in  the  "Pendle. " 

Garsington,  Oxfordshire  :  "  Malm  ". 
Paludina  elongata.    Combe  Wood,  and  Garsington:  in  the  ^^Malm";  casts,  with 

Cypris.     South warpe,  Bucks.     Bishopstone,  pit  near  Morton's. 
P .     Impressions  of  another  species  ?   Southwarpe,  Bucks.    Horton's  Pit :   in 

freshwater  Jimestone.    Quainton:    in  the  grey  uniform  grit;    Qua,  Hastings 

sand. 
P (a  ribbed  species).     Garsington  and  Combe  Wood,  Oxfordshire :  in  the 

"Malm". 
Planorbis,    Garsington  and  Combe  Wood,  Oxfordshire  :    casts  in  the  "Malm"; 

Horton's  Pit,  near  Bishopstone,  Bucks. 
Potamides  carinaium.  (Melanopsis,  Min.Con.)    Horton's  Pit,  Bishopstone,  Bucks. 
Psammobia  ?.     Garsington  :  "  Malm  ". 
Vnio.    Bishopstone,  Dr.  Lee's  Pits :  in  soft  bluish  slaty  stone.     Quainton.* 

Fishes.  Bones ;  impressions  only.  Southwarpe,  Bucks  :  in  soft  earthy  fissile  lime- 
stone. 

Vertebrce.  Whitchurch,  in  freshwater  limestone,  "  Pendle  ".  Coney  Hill : 
in  calciferous  grit. 

Scales,  Bucks:  Bishopstone,  Ford,  Horton's  Pit,  in  oolitic  stone:  Dr. Lee's 
pits;  in  soft  bluish  slaty  stone.  Whitchurch  in  the  "Pendle",  with  worn 
roundish  particles.     Quainton  :  pit  top  of  the  hill ;  in  the  "  Hardstone  "• 

Reptiles.  Portions  of  a  spongy  bone,  probably  Saurian.  Garsington,  Oxf  :  in  the 
"Malm". 

Plants.  A  specimen,  represented  in  PI.  XXII.  f.  11.,  the  nature  of  which  is  still 
doubtful.  It  was  bought  at  Quainton,  Bucks,  and  said  to  be  from  the  stone-pits 
at  the  hill-top;  but  the  precise  place  was  unknown.  Not  siliceous  :  effervescin*^ 
with  acids  ;  and  in  this  respect  different  from  the  Cycadeae  of  Portland. 

*  Besides  tlie  shells  above  enumerated,  the  following  were  found  in  the  strata  representino-  the 
Purbeck  series,  within  the  tract  now  under  consideration  ;  viz.  Bivalves — of  two  or  three  species 
probably  new,  but  too  indistinct  to  be  determined, — at  Combe  Wood,  Oxfordsliire;  Bishopstone, 
Weedon,  Whitchurch  and  Quainton,  Bucks.  Spiral  univalves — at  Garsington  and  Combe  Wood, 
Oxfordshire,  (specimens  exhibiting  beautifully  the  internal  column  of  the  shell);  at  Great 
Hazeley,  Oxfordshire,  with  oolitic  particles;  and  on  the  road  from  Whitchurch  to  Winslow, 
Bucks, — (a  new  Paludina  ?) 
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Impressions  of  aery  narrow  leaves.  Great  Hazeley,  Oxf. ;  in  fissile  clay,  re- 
presenting, probably,  the  Fuller's  earth  of  the  Lower  green-sand. 

Trees.  At  Brill,  the  trunk  of  a  large  tree  converted  into  lignite,  was  found 
in  bluish  grey  clay.  A  most  remarkable  specimen,  40  feet  long ;  at  first  entire, 
with  numerous  branches;  but  when  I  saw  it,  split  into  small  fragments  from  de- 
composition of  the  pyrites. 

Wood.  Coniferous,  silicified  wood,  precisely  like  that  of  Portland,  is  found 
in  fragments,  in  the  ^^Malm",  at  Garsington,  above  the  Portland  stone,  and 
along  with  portions  of  freshwater  limestone. 

[Portland  StoneJ] 

Ammonites  biplex.    Road  near  Walton  turnpike,  Bucks. 

A gi^anteus.     Oving  and  Dinton,  Bucks  :    with  Exogyra  nana,  in  sandy 

stone. 
A Langcombe,  Oxfordsh.     Great  Hazeley,  Oxf. :  in  grey  concreted  sand. 

The  Warren,  near  Stewkley,  Bucks  :  in  limestone. 
Area  (new).     Stone-pits  west  of  Great  Milton :  a  cast  in  oolitic  stone. 
Astarte  cuneaia.  Beneath  Garsington,  Oxf. :  in  concretional  stone.     Brill,  Bucks:  in 

hard  compact  limestone. 
Buccinum  naticoide.      PI.  XXIII.  f.  4.    Whitchurch,  Bucks.      The  Warren  near 

Stewkley  ?. 

B .     Quainton. 

Cardium  dissimile.     Quainton,  Bucks.     Brill.     Long  Crendon  :  a  cast,  in  grey,  very 

sandy  stone.     Bishopstone,  Moreton's  pit :  a  cast.     Tring,  road  near  Walton 

Turnpike.    The  Warren  near  Stewkley. 
Cytherea}  rugosa.     PI.  XXII.  fig.  13.    Southwarpe,  Bucks.  « 

Exogyranana.     Dinton ;  Bucks  :  with  Ammonites  giganteus :  in  sandy  stone. 

E .     Whitchurch  :  adhering  to  Pecten  lamellosus. 

Gastrochiena}.  Denton,  Oxf. :  perforating  Perna  quadrata.  Garsington  :  with  Pecten 

lamellosus  ?. 
Gervillia  aviculoides.    Langcombe,  near  Oxford :  in  calcareous  spar. 
Gryphiea  dilatata.     Langcombe.  A  young  shell ;  in  Portland  stone  ?. 
Lucina  Portlandica.     PI.  XXII.  fig.  12.     Southwarpe,  Bucks. 
Modiola  (large).     Denton,  Oxf.     Whitchurch,  Bucks:  in  white  stone. 
Mytilus.    Whitchurch. 

Natica  elegans.     PI.  XXIII.  f.  3.    Great  Hazeley;  a  cast. 
Osirea  expansa.     Bucks  :  Village  of  Stone  ;  Whitchurch,  with  Pecten  lamellosus ; 

Quainton ;  Brill ;  Horton's  pit,  near  Ford  ;  the  Warren  near  Stewkley,  Bedf. 
O •    Remains  of  a  thick-shelled  species  are  found  at  Great  Hazeley,  Oxf.:  in  con- 
cretions of  gritty  stone,  in  yellowish  sand.     Haddenham,  Bucks.     Dinton,  with 

Plicatula. 
Panopcea  depressa.    Brill. 
P  gibboscu    Brill :  a  cast. 
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Pecten  lamellosus,  Oxfordshire  :  Denton,  with  Trigonia  gibbosa ;  Garsing^on,  with 
Gastrochaena.  Bucks  :  near  Towersey  Windmill ;  Brill,  with  Exogyra,  adher- 
ing ;  Quainton,  pit  east  of  Ordnance  Station, — in  soft  limestone  ;  Whitchurch, 
with  Serpula,  &c.,  in  white  stone ;  The  Warren  near  Stewkley. 

P  orbicularis.  Oxf. :  Beneath  Garsington;  in  concretional  Portland  stone,  with 
Astarte  cuneata ;  Langcombe,  with  Trigonia  clavellata^  in  sandy  stone.  Brill, 
Bucks. 

Pema  quadrata.  Oxf. :  Garsington  ? ;  Denton,  with  Modiola,  &c. ;  Great  Hazeley, 
in  gritty  stone.  Bucks :  Towersey,  in  bluish  limestone,  with  pyrites ;  Long 
Crendon,  in  very  sandy  stone ;  Brill;  Quainton,  "  West  pit." 

Plagiostoma  rusticum.    Great  Hazeley,  Oxf. ;  in  calciferous  gritty  stone. 

Pleurotomaria :  with  large  whorls,  roundish  and  flattened.  Casts  occur  at  Brill, 
and  at  Garsington. 

p .     A  more  acute  and  larger  species.  Great  Hazeley,  Oxf.,  in  calciferous 

sandstone.    Brill ;  and  at  the  Warren,  near  Stewkley,  Bucks. 

Plicatula.    Dinton,  Bucks  :  a  cast,  same  as  in  the  ^^ Roche"  of  Portland. 

Pullastra.  Remains  of  shells,  perhaps  referable  to  this  genus,  have  been  found  at 
Cuddesden,  Oxf.,  in  sandy  Portland  stone ;  and  at  the  Warren,  near  Stewkley, 
Bucks. 

Serpula,  Remains  of.  Oxf. :  Langcombe ;  Great  Hazeley,  in  very  sandy  stone. 
Bucks :  Whitchurch :  in  white  stone ;  Haddenham,  in  calciferous  sand ;  Tower- 
sey, some  specimens  of  great  beauty;  Coney  Hill. 

SfpAoma?,  casts  of  Stems  :  Quainton;  Bucks:  in  soft  calcareous  sandstone,  ^^  Bottom 
Rock". 

Terebra  Portlandica.  PI.  XXHI.  fig.  6.  Abundant  everywhere  in  the  Portland 
stone  of  Oxfordshire  and  Bucks  :  at  Combe  Wood,  Oxf. ;  Southwarpe,  Whit- 
*  church,  Towersey,  &c.,  Bucks. 

Trigonia  clavellat a,     Langcombe,  Oxf. :  in  sandy  stone ;  with  a  Pecten. 

T gibbosa.     Universal  and  abundant  in  the  Portland  stone.     Oxfordshire : 

Denton,  Great  Milton,  and  Combe  Wood,  immediately  in  apposition  with  the 
"  Malm."  Bucks  :  Brill ;  Long  Crendon  ;  Whitchurch  ;  Quainton;  Bishopstone. 

T incurva.    Quainton,  Bucks. 

Venus  L  Beneath  Garsington:  in  concretional  Portland  stone ;  mih  Pecten  orbi- 
cularis, and  Astarte  cuneata^.  Quainton,  pit  east  of  Ordnance  Station  :  in  soft 
limestone*. 

Fishes,  Fertebra  of.     Coney  Hill :  in  "  sandstone  "  calciferous  grit. 

Chimccr a  Townsendii :  (Buckland,  Proceedings  of  Geol.  See.  vol.  ii.  p.  286.;  and 
Lond.  and  Edinb.  Phil.  Mag.  1836.  (vol.  viii.)  p. 4 — 7.)  The  beak  has  been  found 
in  the  Portland  stone  at  Great  Milton,  Oxfordshire,  by  the  Rev.  C.Townsend. 

*  Besides  the  foregoing,  fragments  of  bivalves,  too  indistinct  to  be  determined,  were  found  in 
the  Portland  stone,  at  Great  Hazeley  in  Oxfordshire;  and  at  Haddenham,  Southwarpe,  Stone, 
and  Quainton,  Bucks. 
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Rbptil.es.    Bone  of  a  Saurian.    Great  Hazeley :  ia  ferruginous  stone. 

IPortland  Sand.'] 

Ammonites  biplex.  Oxf. :  Dropshot,  near  Thame,  in  grey  sandy  limestone,  with 
numerous  green  particles,  and  small  pebbles  of  quartz.  Bucks :  Dunton,  in 
greenish  stone,  with  dark  particles  ;  Quainton,  with  a  Trigonia. 

A- giganteus.  Oxf. :  Dropshot,  (very  large  specimens)  :  in  dark  grey  lime- 
stone, with  green  particles  and  pebbles  of  black  chert*;  Shotover;  in  grit. 
Bucks:  Brill;  Whitchurch;  Dunton;  in  greenish  grey  stone,  with  dark  par- 
ticles.    Quainton. 

?     Dunton,  Bucks :  in  greenish  grey  stone,  with  dark  particles. 


Avicula.    Oxf. :  Shotover,  with  Serpula  and  a  PuUastra  ?  in  sparry  grit.     Bucks : 

Whitchurch ;  large,  a  cast. 
Buccinum  naticoide.     PI.  XXIII.  f.  4.     Brill :  a  cast. 
Cardium  dissimile.  Oxf. :  Langcombe ;  Dropshot,  casts,  in  matter  almost  wholly  green. 

Bucks :  Hartwell  Liodge,  with  Trigonia  gibbosaj  in  bluish  grey  stone ;  Dunton  ; 

Brill,  with  Serpula ;  Whitchurch;  MuswellHill;  Quainton. 
Cythertsa  ?  rugosa.     PI.  XXII.  f.  13.     Hartwell,  Bucks. 
Gastrochana.    The  Warren,  near  Stewkley,  Bucks :  and  Shotover  Hill,  Oxf. :  in 

Perna  quadrata. 
JLucina.    Village  of  Stone,  Bucks. 
Mt/tilus  (probably  a  new  species).     Denton  Village,  Oxf. :  with  Trigonia  clavellata. 

Brill,  Bucks. 
Ostrea  soUtaria.    Dunton,  Bucks. 
O •    Species  indistinct.    Shotover,  Oxf.,with  Serpula,  &c.  adhering  to  Ammonites 

giganteusj  and  bent  into  its  inequalities.     Brill,  Bucks. 
Panopcea  ?.    Whitchurch,  Bucks. 
Pecten  lamellosus.    Dunton,  Bucks  :  in  greenish  grey  stone,  with  dark  particles :  and 

in  a  mass  almost  entirely  composed  of  green  matter  (silicate  of  iron),  with  Perna 

quadrata.    Muswell  Hill ;  Brill  ?. 

P .    Another  species  ?.     Shotover  :  with  Serpula,  &c. 

Perna  quadrata.    Oxf. :   Dropshot,  near  Thame,  in  dark  grey  limestone,  with  nu- 
merous green  particles  and  pebbles  of  black  chert;   Shotover,  in  sparry  grit, 

perforated  by  Gastrocbaena ;  with  a  Venus.    Bucks :  Muswell  Hill,  in  stone ; 

containing  green  particles;    the  Warren;   with  Gastrocbaena,  in  grey  stone; 

Dunton ;   in  a  green  friable  mass,  and  in  greenish  stone,  including  fragments 

of  black  flint,  with  Pecten  lamellosus^ 
Plagiostoma  obliquatum.    Near  Thame,  Oxfordshire. 
P rusticum.  The  Warren  near  Stewkley :  in  bluish  grey  stone,  with  minute 

dark  particles. 

*  At  the  quarries  in  the  Portland-sand  at  Barley  Hill  near  Thame,  imperfect  worn  casts  of 
several  bivalves,  in  black  flint  or  chert,  are  found  in  the  sandy  stone,  along  with  pebbles  of  the 
same  substance. 
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Srrpula,     Shotover,  with  Ostrea  ;  Brill ;  Coney  Hill;  Dunton,  in  green  matter. 

Trigonia  clavellata.  Long  Crendon ;  Casts  in  conglomerate,  with  siliceous  pebbles ; 
nnd  in  sandy  limestone,  with  numerous  green  particles.  Dunton,  Bucks;  with 
Mytilus. 

T  gibbosa,     Denton,  Oxf.     Hartwell,  Bucks ;  with  Cardium,  in  bluish  grey 

stone.     Dunton,  and  Whitchurch,  Bucks. 

T gibbosa :   a  variety,  less  oblique.     Brill. 

T  incurva.     Brill,  Bucks. 

Venus.  Shotover  Hill,  Oxf. ;  with  Pema  quadrata.  Hartwell,  Bucks;  with  Tri- 
gonia, in  soft  stone. 

[^Kimimeridge  Clay.^ 

Ammonites  hiplex.    Clay-pits  near  Aylesbury.    Road  from  Aylesbury  to  Whitchurch. 
A,  hiples  (small).     East  Claydon,  Bucks  ;  20  feet  from  surface,  in  clay: 

A gigtmittts  ?.     Clay  pits  south-west  of  Stewkley,  Bucks :  in  blue  clay. 

^^ frir/iV/iNi.     East  ClaydoD,  Bucks:  in  clay  ;  beautifully  iridescent. 

^^ like  (fir/iV/«ti.     QuaintoD,  BucLs. 

.1  Selligtiiniis.     Clophill,  Bedf.     Mr.  Goodhall. 

^  (prt^luiblv  new).    Clay- pits  south-west  of  Stewkley,  Bucks,  in  blue  clay. 

Jpf^vhns  (Von  Moyor).     PL  XXHl.  fig.U.      Roadside  between  Aylesbury  and 

Whitohurt'h,  about  a  furlong  from  Hardwick.    Clay  pits  south-west  of  Stewk- 

lo>  ;  iVa^mont^  of  ver\  larj:^  specimen. 
/  v*^  smaller  sjhhtios  :\     Road^^^ide  between  Aylesbury  and  Whitchurch. 

Kvoxs^Vf^i  fitiftii,     Uotucf  u  A\le>l>ury  and  \\Tiitchurch  :  with  Ostrea  Icevigata. 
f*  ifi:.-*/,;.     PL  XXlll    i\  ::.     tf-;r^vra  zirgnla  of  Deshayes.)     Roadside  be- 

t\^tvn  A\!e>bjr\    ar.J  V.  hi::iurch.     Clj}*pits  south-west  of  Stewkley  :   good 

nr^:h.r:  ^i...  jj.     Ci'-hii:.  Heiu  Mr.  GoodhalL 

G .-Vjr-j.     Wol^ercot,  Bucks:,     Clophilu  Bedf. 

G *:?';?"'-•     Se e  Hz: zyrts . 

0»/f^'-  c'^     vvc.     A%lesbury  Clay-piu :  a  distorted  form  of  the  shell.     Little  Brick- 

L,,..  '..ii  i'x-xeciaiely  below  surface  :  fine  specimens. 

O /-arr/^c/zi.    Between  Avlesburv  and  Whitchurch. 

^> young).     Thorn borouo^h.  Oxf. 

O /^Jutruia  f^oung).  Road  from  A\lesburv  to  Whitchurch :  in  blue  clay.  Little 

lirick  Hill,  Bedf. 

^^ "''^r  ^''  f'^^toichva,  but  wider  at  the  hin^e:  still  very  thick.    "  In  a  bed  of  stiff 

••  clay,  about  two  miles  north-north-west  ot'  Leighton,  under  the  red  sand  of  the 
••hf-ath,  and  about  ^20  feet  above  the  ri\er/'  INIr.  W.  Mathews  of  Leighton: 
Roadnde  between  Avlesburv  and  Whitchurch  ;   Bucks. 

Pfinnpna  d^prrsm.     Headin^^ton  Quarry,  Oxf. 

Pfclcn  arruntus.     Vicinitv  of  Avlesburv- 

•  •  • 

'" ^^^^^'     Little  Brickhill.     Brow  of  the  hill,  in  clay  immediately  below  sand. 
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PleuToiomaria  reticulata  {Trochusy  M.C.)     Headington ;  Oxf. 
Serpula  tetragona.    Clophill,  Bedf.,  Mr.  Goodhall. 

S tricarinata  ?.    Roadside  between  Aylesbury  and  Whitchurch.    "  In  stiff  clay, 

"  about  two  miles  N.N.  west  of  Leighton."    Mr.  W.  Mathews. 

Fishes.    Chinuer a  "Egeriom:   (Buckland,  Proc.  of  Geol.  Soc.  vol.  ii,  p.  206. ;    and 
Lond.  and  Edinb.  Phil.  Mag.  (1836)^  vol.  viii.  p.  4 — 7.)    Shotover-hill,  Ox£ 
Psammodus  reticulatus:   (Agassi z ;    in  Egerton's  Catalogue  of  Fossils);  Shot- 
over-hill,  Oxfordshire. 

Reptiles.  Bone  of  a  Saurian.  Clay-pits  south-west  of  Stewkley  :  part  of  a  flat  bone. 

Plesiosaurus ;   Vertebrae.    Headington  Quarry,  Oxf. 

Coprolite;  or  coproid  masses  of  phosphate  of  lime.  Beneath  Whitchurch.  Clay- 
pits  south-west  of  Stewkley  :  one  specimen  occupying  the  cavity  of  an  Am- 
monite. 

lOxford  OoUte.'] 

Melania  Heddingtonemis.    Wheatley,  Oxf. :  cast  of  part  of  interior. 

Ostrea}    Thornborough,  Oxf.  Wheatley;  in  compact,  blue,  sparry  oolite. 

Pholadomya  deltoidea.    Headington  (Coral  rag). 

Spongia  ?.    Wheatley,  Oxf. :  in  sandy  stone. 

Terebratula  tetrahedra  ?     Thornborough,  Oxf. ;  and  Wheatley. 

Cam  bridoeshire''^  . 
.  (156.)  In  this  county^  as  in  Bedfordshire^  the  Wealden  and  Portland  groups 
are  wanting ;  and  the  strata^  rising  with  a  very  slight  inclination  from  the 
south  of  east^  and  thinning  off  near  their  outcrop^  are  frequently  cut  through 
by  denudation^  so  that  distant  outliers^  especially  of  the  lower  green -sand^  are 
frequent.  Mr.  M'Lauchlan^  who  was  engaged  in  the  Ordnance  Survey  of  this 
part  of  England^  remarks^  that  the  summits  of  the  chalk  decline  rapidly  in 

*  I  am  indebted  to  my  friend  Professor  Sedgwick  for  the  greater  part  of  the  following  infor- 
mation respecting  Cambridgeshire.  The  only  publications  connected  with  the  geology  of  the 
county,  are  a  paper  by  Professor  Hailstone,  Geological  Transactions,  1st  Series,  vol.  iii.  p.  243,  &c. ; 
a  short  paper  on  the  Northern  division  of  Cambridgeshire,  by  Mr.  Lumi,(1818), — Geol.  Trans., 
1st  Series,  vol.  v.  p.  114,  &c. ;  an  account  of  some  verbal  communications  made  to  the  Cambridge 
Philosophical  Society,  London  Philosophical  Magazine,  (1835,)  vol.  vi.  p.  74;  and  the  report  of 
a  field  Lecture  by  Professor  Sedgwick,  which  appeared  in  the  Cambridge  Chronicle  of  the  10th 
of  April  1835. 

Huntingdonshire  I  have  passed  over,  not  having  myself  examined  that  county ;  and  I  am  not 
acquainted  with  any  publication  specifically  relating  to  it,  except  Mr.  Smith's  county  map.  A 
small  space  at  the  south-eastern  verge  of  the  county,  on  the  confines  of  Bedfordshire,  is  occupied 
by  the  Lower  green-sand ;  but  all  the  tract  adjoining  Cambridgeshire  is  assigned  by  Smith  to  the 
Oak-tree  clay^  a  term  which  I  believe  denotes,  in  this  case,  the  Kimmeridge  clay.  The  strata 
thereabouts  are  much  obscured  by  transported  matter. 
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height  on  the  north-east  of  Bedfordshire:  Kensworth  Hill^  south  of  Dunstable^ 
being  904  feet  above  the  sea  at  low  water ;  the  hills  east  of  that  town  850  feet; 
Lilleyhoe^  664;  Barkway^  Windmill-hill^  513;  the  station  near  Royston^ 
484  feet;  Balsham^  on  the  east  of  Cambridge^  380;  Newmarket  station^ 
267 ;  Brandon  in  Suffolk^  190  feet.  The  summits  of  the  lower  chalk  suc- 
cessively decline  in  the  same  direction ;  Orwell  station  being  250  feet^  Chapel- 
Bush^  near  Haslingfield^  220 ;  Swaffham-Prior  (near  Reach)^  140.  And  the 
lower  green-sand  also  falls  rapidly :  the  hills  near  the  outcrop  at  Bow  Brick- 
hill  being  683  feet  high ;  that  of  Haddenham  on  the  north  of  Cambridge^ 
133  feet;  and  the  general  surface  of  the  lower  green-sand^  which  tops  the 
hills  near  that  place^  ranging  from  about  60  to  120  feet;  at  Ely  75  feet. 
The  level  of  the  Cam^  upon  the  gault^  at  Cambridge^  is  only  24^  feet  above 
the  sea  at  low  water  on  Lynn  Deeps ;  that  of  the  Kimmeridge  clay  at  Ely 
Bridge^  14  feet;  and  of  the  Cam^at  Upware^  probably  not  more  than  12  feet. 
So  that  if  the  sea  were  not  dammed  out  by  artificial  means,  a  great  part  of 
the  marshy  tract  on  the  confines  of  this  county,  Huntingdonshire,  and  Nor- 
folk, would  be  inundated  at  high  water,  as  appears  to  have  been  the  case  at 
no  very  distant  period.  The  hydrography  and  drainage  of  this  low  tract, 
which  are  intimately  connected  with  geological  principles,  have  been  the 
subject  of  some  valuable  publications,  but  do  not  fall  within  the  immediate 
scope  of  these  pages. 

(157.)  Another  general  circumstance  which  characterizes  the  north-west  of 
Cambridgeshire,  is  the  great  extent  and  varied  composition  of  the  transported 
masses  with  which  the  strata  are  in  many  instances  thickly  invested.  This 
superficial  deposit  includes  worn  masses  of  greenstone,  with  fragments  of 
many  of  the  lower  members  of  the  English  series, — and  rounded  pebbles  of 
chalk,  in  such  abundance  as  to  form  a  very  large  proportion  of  the  entire 
mass.  With  these  stony  substances  are  fragments  of  the  fossils  of  most  of 
the  strata,  Belemnites,  large  Gryphites,  the  Ostrea  (or  Gryphite)  of  the  Ox- 
ford clay,  and  portions  of  the  skeletons  of  Elephants,  Rhinoceros,  Hippo- 
potamus, Deer  of  several  species,  gigantic  Oxen,  and  of  the  Horse. 

The  mass  thus  composed  forms  many  of  the  hills  on  the  borders  of  Cam- 
bridgeshire and  Essex,  and  occupies  a  great  part  of  the  platform  which  runs 
along  the  confines  of  the  former  county  and  Huntingdonshire;  a  brown 
variety  of  it  obscures  the  junction  of  the  gault  and  lower  green-sand  on  the 
west  of  Cambridge,  forming  an  upland  which  extends  from  Bourne  by  Toft 
and  Hardwick  to  Dry  Drayton,  where  it  declines  into  the  plain*. 

*  Mr.  Hailstone  mentions  particularly,  that  the  deposits  just  described  are  perfectly  distinct 
from  that  which  occurs  above  the  Gault  in  Cambridgeshire.     The  former  are  very  well  known 
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These  accumulations,  it  will  be  perceived,  closely  resemble  those  already 
mentioned  in  the  account  of  Buckinghamshire  and  Bedfordshire,  especially 
near  Leighton,  and  at  Stewkley.  They  occupy,  in  feet,  a  great  extent  of  the 
surface,  and  form  one  of  the  most  interesting  geological  deposits  throughout 
the  East  of  England ;  but  there  are  circumstances  respecting  their  relations 
to  each  other,  and  to  the  crag  of  Norfolk  and  Suffolk,  which  still  remain  to 
be  investigated  and  explained. 

(158.)  The  strata  therefore  which  are  found  below  the  chalk  in  Cambridge- 
shire, consist  of  Chalk,  Upper  green-sand,  Gault,  Lower  green-sand,  Kim- 
meridge  clay,  Oxford  oolite,  and  Oxford  clay ;  the  last  occurring  only  in  a  few 
places,  and  in  the  remote  part  of  the  county,  in  which  it  is  the  lowest  member 
of  the  series.  The  sections,  Plate  X.  a,  Nos.  22,  23,  and  24,  explain  the 
general  relations  of  these  strata,  but  have  no  pretensions  to  accuracy  of  local 
detail.  The  following  notes  describe  some  of  the  principal  appearances  con- 
nected with  the  object  of  this  paper ;  and  the  publication  of  the  Ordnance 
maps  of  the  county  will  no  doubt  soon  lead  to  the  complete  examination  of 
it  by  the  geologists  of  Cambridge. 

Chalk. — The  upper  chalk  range  passes  from  the  heights  near  Dunstable,  through  the  north-west 
of  Hertfordshire,  by  Hitchin  and  Baldock,  to  Barkway  and  Royston  Downs,  and  thence  by  Balsham 
and  Newmarket  into  Suffolk.  Mr.  M'Lauchlan  informs  me  that  the  chalk  ridge  at  Thorfield  (about 
570  feet  high)  is  an  anticlinal  line,  and  that  the  overflow  of  water  in  Wardfngton  Bottom,  near 
Newsell's-bury  Park,  while  the  rest  of  the  country  is  dry,  renders  it  probable  that  some  of  the 
lower  beds  are  there  brought  up  to  the  surface.  On  the  Ordnance  maps  two  ridges  are  distinctly 
marked,  which  meet  thereabouts  at  an  angle ;  one  passing  from  Berry  Bam  through  Norfield  to 
Barkway  Mill  (313  feet  high),  the  other»  striking  off  from  Thorfield  for  about  a  mile  towards 
the  north,  turns  suddenly  to  the  east,  to  the  group  of  hills  above  Royston  and  Burley,  and  is 
continued  thence  to  the  north-east  through  ChishiU,  470,  and  Heydon,  480  feet  The  lower  tract, 
in  the  angle  between  these  ridges,  from  Newsell's  to  Known's  Folly,  may  possibly  be  a  valley  of 
elevation  like  those  of  Kingclere  described  by  Dr.  Buckland* 

The  outcrop  of  the  lower  chalk  and  chalk  marl,  is  nearly  parallel  to  the  range  of  the  upper 
strata,  and  to  that  of  the  heights  above  mentioned ;  its  general  course  being  from  the  neighbour- 
hood of  Orwell,  through  Haslingfield,  Cherry  Hinton,  and  Bottisham,  to  Reach  on  the  margin 
of  the  Fens.  Thence,  from  about  Milden-hall  in  Suffolk,  near  the  confines  of  Cambridgeshire,  to 
Hunstanton,  on  the  north-west  coast  of  Norfolk,  a  distance  of  about  forty  miles,  the  direction  of 
the  chalk  escarpment  is  nearly  from  south  to  north. 

The  chalk  which  forms  the  principal  part  of  the  lower  hills  in  Cambridgeshire,  bears  the  local 
name  of  "  Clunch."  It  is  described  by  Mr.  Hailstone  as  being  harder  than  common  chalk,  and 
usually  of  a  grey  colour.  It  affords,  as  the  lower  and  marly  chalk  is  found  to  do  in  many  other 
places,  remarkably  good  lime  :  and  it  would  seem  that  some  of  the  lowest  beds,  which  bear  the 
name  of  Clunch,  agree  in  their  properties,  as  in  geological  position,  with  the  firestone  of  Surrey, 


throughout  the  Isle  of  Ely  under  the  name  of  White  Gravel,  (the  latter  is  Red);  and,  Mr.  Sedgwick 
states,  are  older  than  the  beds  of  flint  gravel  in  Cambridgeshire. 

2r2 
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beingq^plied  to  the  Hone  pnrpOMiiii  theoonstractfam  of  fiie-plaeei,.&e«  Very  luge  piu  of  dnnch 
have  been  opened  at  Betch,  on  the  immediate  confines  of  the  Fens,  and  on  the  line  of  Section 
No.  tS. 

Ufper  greautmJL  This  formatioQ  here  differs  fSrom  that  of  some  of  the  more  southern  eoonties, 
in  its  mnch  smaller  thickness,  in  the  absence  of  chert,  and  the  comparatiTe  rarity  of  green 
particles,  which  are  here  confined  to  a  stratum  not  more  than  eighteen  indies  thick,  by  which  the 
lowest  beds  of  the  dudk  are  separated  finom  the  gault,  as  is  well  se«i  in  the  section  exposed  at  die 
Castle  Hill,  Cambridge.  The  presence  of  this  green  bed,  howerer,  is  remarkably  constant; 
and  it  contains  many  fiissils,  some  of  which  are  common  to  this  formation,  and  to  the  chalky— 
but  others,  at  least  in  this  country,  are  confined  to  the  sand ;  among  which,  Mr.  Sedgwick 
informs  me,  Hippurites  are  found  near  Bottisham. 

Oavft— The  term  Gault,  or  "Gait,"  adopted  by  Mr.  Smith  as  the  denomination  of  this  le- 
markaUe  stratum,  is  in  Cambridgediire  the  popular  name  for  the  blue  day,  which  comes  in 
between  the  gredn  bed  last  mentioned,  and  the  forrnginous  (Lower  green)  sand.  Its  thickncsi 
and  relations  have  been  well  ascertained  in  this  county,  firom  the  numerous  borings  to  obtam 
water,  whidi  pierce  through  the  day  to  the  sand  bdow,  especially  on  the  line  from  Basingboume 
north-west  of  Royston,  throu|^  Mddrith,  and  thence  towards  Cambridge.  Its  aterage  thickncM 
is  about  150  feet*,  whidi  is  nearly  the  same  as  on  the  south-eastern  coast :  but  the  surfi^e  of 
this  stratum  is  mudi  obscured  by  superficial  gravd  and  a  thin  coating  of  the  lowest  chalk;  and 
good  specimens  of  its  fossib  are  rare,  as  the  upper  beds  contain  but  few.  Among  those,  how- 
ever, which  I  found  between  Cambridge  and  Ely,  are  the  characteristic  Ammonites  of  difierent 
species,  J.  n^lakUt  J.  bmimit  J.  varieosut ;  Exogyra  emuea ;  and  spines  of  an  Echinus.  In 
the  museum  of  the  Geological  Society  is  a  specimen  from  the  Gault  near  Cambridge,  which 
M.  Agassis  has  found  to  bdong  to  a  new  spedes  of  Chimieraf  • 

Lower  green-sand. — ^This  stratum  occurs  throughout  this  county  between  the  Gault  and  Kim- 
meridge  clay,  in  the  form  of  sand  of  different  shades  of  grey  and  brown,  but  chiefly  as  a  coarse 
ferruginous  compound  of  quartzose  sand,  cemented  by  hydrate  and  oxide  of  iron,  and  more  or 
less  indurated.  At  the  top,  however,  is  some  green-sand,  as  appears  from  the  first  discharge  from 
the  borings  through  the  Grault,  after  the  rod  has  passed  the  clay ;  the  water  subsequently  obtained 
depositing  an  ochreous  matter,  of  the  colour  of  the  Wobum  sands.  I  have  no  fossils  firom  this 
stratum  in  Cambridgeshire.  Its  thickness  is  obviously  much  less  than  in  Bedfordshire ;  and  its 
internal  composition  was  not  discernible  in  any  of  the  sections  which  I  saw ;  but  at  Ely  I  found 
numerous  concretional  blocks,  precisely  resembling  Kentish  rag ;  which  had  been  obtained,  I  was 
informed,  from  a  place  near  the  gallows  on  the  south-west  of  the  town,  in  a  deposit  which  there 
forms  an  extensive  outlier  over  the  Kimmeridge  clay,  and  consists  of  coarse,  ferruginous,  and  sili- 
ceous sand  and  conglomerate,  containing  a  large  proportion  of  brown  iron-ore  (hydrous  oxide  of 
iron),  like  that  of  Shanklin  in  the  Isle  of  Wight.  At  Ingoldsthorpe  in  Norfolk,  where  the  thick- 
ness of  the  stratum  is  probably  not  greater  than  at  Ely,  it  is  said  to  contain  Fuller's  earth;]:. 

Quitting  Potton,  in  Bedfordshire,  Mr.  Lunn  states},  ferruginous  sand  is  observed  within  the 

*  Mr.  Lunn  supposes  the  thickness  to  be  200  to  220  feet. — Geol.  Trans,  vol.  v.  p.  115. 

+  Proceedings  of  Geological  Society,  1835,  vol.  ii.  p.  205,  note. 

J  In  Mr.  Greenough's  geological  map,  sulphate  of  barytes  is  mentioned  as  occurring  on  the 
main  road  from  Royston  to  Huntingdon,  at  Longstow  near  Caxton.  This  mineral^  it  will  be  recol- 
lected, occurs  in  the  Fuller's  earth  at  Nutfield  in  Surrey,  ((51.)  p.  141.);  a  situation  which  answers 
to  that  of  the  Lower  green-sand  on  the  line  of  section  No.  22. 

§  Geol.  Trans.  1st  Series,  vol.  v.  p.  114,  &c. 
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borders  of  Cambridgeshire,  at  Gamlingay,  with  Gault  resting  upon  it ;  "  and  in  some  of  the  pits, 
**  the  line  of  junction  is  as  well  defined  as  that  of  two  immiscible  fluids";  but  the  sand  contiguous 
to  the  clay  is  more  highly  impregnated  with  iron  than  the  lower  part,  and  is  cemented  by  the  oxide, 
so  as  to  form  a  hard  rock.  Leaving  to  the  south-west  the  two  villages  of  Hatley,  both  on 
the  Gault,  the  boundary  passes  between  Little  and  Great  Gransdon,  and  west  of  Caxton,  (which 
is  on  the  clay),  through  the  north-west  sides  of  the  parish  of  Eltsley,  by  Passworth  St.  Everard's, 
and  Passworth  St«  Agnes,  to  Hilton  and  Fenny  Drayton.  In  the  parish  of  Fenny  Stanton  and 
that  of  Croxton,  a  bed  of  clay  (Gault?)  rests  on  the  sand.  The  sand  can  be  traced  across  the 
lower  country,  in  a  direction  nearly  parallel  to  the  challi,  from  Caxton  (Section  No.  22.)  by  Co- 
nington,  and  Long  Stanton,  through  Cottenham  and  Denny  Abbey,  where  the  surface  is  occupied 
by  low  hillocks  of  gravel ;  and  on  the  north  of  those  places  it  forms  the  summit  of  many  of  the 
heights  of  small  elevation  on  the  south-eastern  verge  of  the  Fens.  Thus  at  Haddenham,  the  hill, 
133  feet  high,  is  capped  with  sand ;  and  the  prolonged  height,  or  ridge  thence  to  Aldreth,  called 
**the  Sandy-way,"  about  122  feet,  is  likewise  composed  of  it.  The  junction  of  the  sand  and 
subjacent  clay  is  well  seen,  Mr.  Sedgwick  states,  at  the  clay-pit  on  the  east  of  Ely ;  and  sand 
is  visible  in  the  drains  from  about  the  fifth  to  the  ninth  milestone,  along  the  road  from  Littleport 
towards  Downham,  cutting  across  the  Fens  on  the  north-east  of  Ely,  in  a  direction  corresponding 
to  the  previous  course  of  this  formation  near  Cambridge. 

Kimmeridge  clay, — This  occupies  all  the  lower  tract  on  the  north  and  west  of  the  line  of  sands 
above  mentioned,  as  on  the  course  of  the  Ouse,  or  Old  West  river,  from  Fenny  Stanton  and  Ho- 
lywell on  the  west,  to  its  junction  with  the  Cam  at  Thetford,  and  thence  towards  Ely.  Sec- 
tions are  of  necessity  rare ;  but  a  very  good  one,  exhibiting  the  junction  of  the  clay  and  Lower 
green-sand,  is  exposed  in  the  pits  east  of  Ely.  On  the  west  and  south-west  of  Ely  the  clay  is 
capped  in  many  places  by  sand,  in  the  form  of  outliers,  on  the  summits  of  the  heights,  which  here 
range  from  about  1 20  feet  to  50  (see  the  list  in  the  Appendix  C.) :  and  the  clay  is  continued 
uniformly  through  their  bases,  to  a  point  north-west  of  Haddenham,  on  the  road  to  Chatteris, 
where  it  is  succeeded  by  the  Oxford  oolite. 

Oxford  oolite, — A  remarkable  exception  to  this  uniformity  of  structure  occurs  at  Upware,  on 
the  Cam,  about  three  miles  north-west  of  Reach  (see  the  Section,  Plate  X.  a.  No.  24.) ;  where  the 
upper  strata  of  the  Oxford  oolite  make  their  appearance,  in  a  low  ridge  extending  for  about  three 
miles  north  of  Upware,  in  a  direction  nearly  parallel  to  that  of  the  Cam,  which  is  here  not  much 
more  than  12  feet  above  the  sea  at  low  water.  The  stone  beds  have  been  opened  here  in  two  or 
three  quarries ;  a  very  large  one  being  near  the  river,  and  on  the  line  of  the  section  24.  The 
strata  are  slightly  inclined  to  the  west  of  north,  in  a  direction  opposite  to  that  of  the  beds  below 
the  chalk.  The  stone  here  laid  bare  to  a  depth  of  about  10  or  12  feet,  consists  of  a  loose  rubbly 
limestone^  of  a  cream  colour,  in  some  places  coarsely  oolitic,  and  containing  many  of  the  charac- 
teristic fossils,  for  a  collection  of  which  I  am  obliged  to  Professor  Sedgwick  andMr.M'Lauchlan  :— 
Spines  of  Cidaris ;  Corals ;  an  Area ;  Fusus,  a  new  species ;  Gervillia  avicttloides ;  Isocardia, 
an  acute  species ;  Modiola;  Ottrea  gregarea  \  Pecten  viminalis;  Plagiostoma;  Plicatula;  Turbo 
fnuricatus,  &c. 

The  coralline  beds  (the  proper  '*  Coral  rag"  of  Smith)  do  not  come  up  to  the  surface  at  this 
place ;  but  they  break  out,  Mr.  Sedgwick  informs  me,  beyond  Haddenham,  going  towards  Chat- 
teris ;  and  he  suspects  that  the  shelly  beds  of  this  formation  occur  in  some  other  places  in  the 
county,  between  the  Kimmeridge  and  the  Oxford  clays,  from  the  occurrence  of  numerous  bits  of 
the  coral  rag  and  of  its  fossils  in  the  brown  clay,  which  masks  so  much  of  the  surface  of  Hunting- 
donshire and  Cambridgeshire,  and  in  a  condition  which  makes  it  probable  that  they  had  not  been 
drifted  far. 
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Oxford  clay. — ^The  Oxford  clay  succeeds  to  the  coral  rag  on  the  north-west  of  Haddenbam,  as 
has  been  mentioned,  and  of  Ely.  It  is  the  lowest  stratum  in  Cambridgeshire,  and  forma  the  base 
of  the  Great  Bedford  Level. 

(159.)  Chalk  in  Rutlandshire. — The  rise  of  the  strata  last  mentioned^  com- 
bined with  the  general  features  and  structure  of  Cambridgeshire^  would  seem 
to  indicate  the  final  outcrop  and  disappearance  of  the  upper  members  of  the 
Series ;  but  from  a  passage  in  a  paper  by  Mr.  Barker^  published  in  the  Philo- 
sophical Transactions  for  1791  *^  and  quoted  by  Dr.Bucklandt^  it  appears  that 
chalk  has  been  discovered  at  Ridlington  in  Rutlandshire^  about  forty  miles 
from  the  general  range  of  the  chalk  hills  in  Cambridgeshire  and  Norfolk;^. 
So  that  if  this  statement  be  correct^  we  might  expect  to  find  some  of  the  beds 
below  the  chalky  in  the  wide  tract  of  intervening  country.     The*  only  cir- 
cumstance mentioned  by  Mr.  Barker  which  throws  doubt  upon  the  suppo- 
sition that  this  chalk  is  in  its  original  position^  is,  that  the  flitUs,  which  be 
states  to  occur  *^  in  rows,  lying  in  it  as  is  usual  in  the  South  of  England/' 
are  '^  broken,  and  not  whole  ones."   So  that  it  is  possible  that  the  entire  mass 
may  consist  of  transported  fragments  of  chalk,  and  be  analogous^  but  on  a 
much  larger  scale,  to  the  loose  pieces  of  that  substance  found  by  Mr.  Cony- 
beare  in  my  presence  during  an  excursion  in  Northamptonshire,  near  Sywell; 
a  place   about  thirty  miles    distant  from  the  nearest  point  of  the   chalk 
escarpment.     Ridlington,  where  this  patch  of  chalk  is  stated  to  have  been 
observed,  is  placed  in  Smith's  map  of  the  county,  on  the  verge  of  a  platform 
of  the  Lower  oolite,  resting  immediately  on  the  blue  marl  at  the  upper  part 
of  the  lias ;  and   the  map   bears  no   indication    whatsoever  of  any  other 
stratum. 


*  Vol.  Ixxxi.  p.  281.  f  Geological  Transactions,  1st  Series,  vol.  v.  p.  ,539. 

j;  I  shall  here  insert  the  whole  passage,  as  the  hest  mode  of  presenting  the  facts  to  the  reader. 
Mr.  Barker,  writing  at  Lynden,  near  Uppingham  in  Rutlandshire,  says :  "  I  did  not  know  till  lately 
•*  that  we  had  any  chalk  nearer  us  than  Moddingley  " — (see  PI.  X.  a.  No.  22.) ;  "  but  several  years 
'*  ago  the  people  of  Riddlington  in  Rutland,  digging  for  stone  to  mend  the  roads,  met  with  a  bed  of 
"  chalk,  at  which  they  were  much  surprised,  and  did  not  know  what  it  was,  never  having  seen  a 
'*  chalk-pit  before.  Afler  I  had  heard  of  it,  I  went  to  examine  the  place,  and  found  a  regular  chalk 
'*  pit,  with  rows  of  flints  lying  in  it  as  they  are  wont  to  do  in  England.  The  chalk  is  not  sofl,  like 
"  that  they  write  with,  but  very  much  like  that  they  dig  about  Baldock:  nor  are  the  flints  so  black 
"  as  those  in  the  South  of  England,  but  veined,  of  a  light-coloured  flint,  and  white ;  some  part£ 
"  much  mixed  with  chalk,  and  are  broken,  not  whole  ones.  They  may  have  dug  the  pit  six  yards 
"  long  and  two  deep,  but  how  far  the  chalk  reaches  I  do  not  know."  Mr.  Barker  adds,  that  he  had 
seen  a  little  patch  of  chalk  a  few  yards  long,  in  a  bank  by  the  road  side,  along  the  turnpike  road  near 
Stukely,  about  three  miles  north-west  of  Huntingdon,  which  place  is  about  twenty  miles  from  the 
nearest  chalk-hills. 


Dr.  FmoN  on  the  Strata  below  the  Chalk.  309 

Traces  of  the  WeaUen  m  Northamptonshire. — The  preceding  statement  is  rendeied  mora  in* 
teresting  by  the  discoTery  at  Wansford  in  Northamptonshire,  a  place  about  ten  miles  east  of 
Ridlington,  and  thirty  from  the  chalk-hills  in  Cambridgeshire,  of  a  mass  of  calcareous  grit« 
containing  an  impression  o£ Lonchopteris  MantelUi*,  a  fossil  species  found  by  Mr.  Mantell  in  the 
grit  of  Tilgate  Forest,  Sussex,  and  hitherto  peculiar  to  the  Wealden  strata ;  indicating  therefore 
the  presence  of  that  group  at  the  distance  of  more  than  forty  miles  from  the  nearest  point  on  the 
souths  at  which  its  existence  has  yet  been  ascertained  in  England.  For  an  opportunity  of 
examining  the  specimen  in  question^  I  am  indebted  to  the  kindness  of  Mr.  Woodward  of  Norwich, 
to  whom  it  belongs  ;  and  I  find  it  to  consist  of  crystalline  calciferous  grit,  of  a  yellowish  grey  or 
drab  colour,  containing  a  very  large  proportion  of  carbonate  of  lime, — which  may  rery  well  have 
formed  a  part  of  one  of  the  concretions  of  grit  subordinate  to  the  Hastings  sands.  The  form  of 
leaf  of  the  plant  is  beautifully  impressed  upon  the  stone,  and  very  well  represented  in  the 
plate  of  the  Fossil  Flora :  and  the  only  question  is,  whether  the  locality  has  been  correctly 
stated,  which  Mr.  Woodward  has  no  reason  to  doubt.  It  may  be  added,  that  the  existence  of 
the  Wealden  in  this  new  situation  is  rendered  more  probable  by  the  occurrence  of  chalk  in  Rut- 
landshire, at  a  point  not  less  remote  from  the  great  body  of  that  formation  in  the  South-east  of 
England. 

NoRFOLK-f. 

(160.)  The  strata  below  the  chalk  appear  only  on  the  west  of  this  county^ 
and  the  series  is  generally  the  same  with  that  of  Cambridge ;  but  the  Upper 
green-sand  soon  ceases  to  be  conspicuous^  or  disappears  altogether ;  and  the 
Grault  is  so  much  reduced  in  thickness^  and  changes  its  character  so  remark- 
ably^ that  it  is  only  by  means  of  its  fossils  and  by  tracing  its  continuity  with 
the  more  usual  form  of  the  stratum^  that  its  identity  can  be  ascertained.  The 
ferruginous  beds  of  the  Lower  green-sand  are  sufficiently  distinct^  but  the 
formation  is  much  thinner  than  in  the  south-eastern  counties.  No  traces  of 
the  Wealden  or  Portland  groups  have  yet  been  founds  nor  are  there  any 

•  Lindley  and  Button's  Fossil  Flora,  (1835)  vol.  iii.  p.  372.  Plate  171. 

t  The  publications  on  the  geology  of  Norfolk,  besides  the  general  maps  of  Smith  and  Green- 
ough,  and  the  County  map  of  the  former,  relate  principally  to  the  eastern  portion  of  the  county. 
But  since  these  pages  have  been  at  the  press,  an  excellent  account  of  West  Norfolk,  by  Mr. 
R.  C.  Rose,  of  Swaffham,  has  appeared  in  the  London  and  Edinburgh  Philosophical  Magazine  ■, 
to  which  I  beg  to  refer  the  reader  who  wishes  for  detail.  The  preceding  papers  relating  to  this 
part  of  the  county,  are  Mr.  R.  C.  Taylor's  plate  and  description  of  Hunstanton  Cliff,  1823*;  a 
paper  by  the  same  author,  on  the  alluvial  strau  and  the  chalk  of  Norfolk  and  Suffolk' ;  and  a  list 
of  the  fossils  of  Hunstanton,  in  Mr.  Woodward's  Geology  of  Norfolk^.  Some  occasional  notes 
connected  with  the  west  side  of  the  county,  may  also  be  found  in  the  tracts  more  immediately 
relating  to  the  beds  above  the  chalk. 


>  Vol.  vi.  and  vii.  1835—1836. 

*  Phil.  Magazine,  1823,  vol.lxi.  p.  81 — 83;   republished  in  a  tract  on  the  Geology  of  East 
Norfolk,  8vo,  1827. 

'  Geol.  Trans.  2nd  Series,  vol.  i.  p.  374 — 378. 

«  **  An  Outline  of  the  Geology  of  Norfolk/'  8vo»  1833. 
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distinct  indications  of  the  Oxford  oolite^  between  the  Kimmeridge  and  Ox- 
ford clays. 

The  line  of  hills^  nowhere  probably  exceeding  600  feet  in  height^  which 
stretches  for  about  forty  miles  from  the  chalk  range  of  Cambridgeshire  to  the 
north-west  coast  of  Norfolk,  bounds  the  fen-country  like  the  low  shore  of  a 
sea ;  and  a  very  slight  change  of  level  would  again  convert  the  fens  into  a 
shallow  estuary,  by  the  waters  of  which  these  hills  would  be  washed  at  their 
base.  At  present,  the  face  of  the  heights  is  covered  with  vegetation,  so  that 
it  is  only  in  detached  spots  casually  exposed,  that  the  strata  can  be  seen. 

Not  having,  myself,  any  good  section  of  this  part  of  the  district,  Mr.  Rose 
has  been  so  good,  at  my  request,  as  to  prepare  an  enlarged  copy  of  the 
sketch  annexed  to  his  paper  on  West  Norfolk,  on  the  line  from  Swaflfham  to 
Lynn,  (see  PI.  X.  a.  No.  25.) ;  and  I  have  inserted  also  a  section  and  a 
sketch  of  Hunstanton  Cliff,  (Plate  X.  a.  No.  26 ;  and  X.  b,  fig.  12,  a,  6,  and  c,) 
the  only  natural  section  that  is  visible  upon  the  coast. 

Deposits  ahooe  the  Chalk, — ^The  portion  of  the  fens  immediately  adjacent  to  the  chalk-hills  m 
West  Norfolk,  bears  the  name  of  Marshland.  It  is  composed  of  alternating  beds  of  lacustrine 
silt  and  peat,  covering,  in  the  vicinity  of  Lynn,  a  deposit  of  marine  silt ;  the  whole  resting  upon 
a  stiff  clay,  which  incloses  small  nodules  of  chalk,  and  is  obviously  the  same  with  the  superficial 
deposit,  already  described  as  including  chalk  fragments  and  being  generally  of  similar  com- 
position, in  Cambridgeshire  and  near  Leighton ;  beneath  which  are  the  strata  of  Kimmeridge  in 
Oxford  clay. 

In  a  well,  sunk  and  bored  at  L3nin,  to  the  great  depth  of  630  feet,  the  detail  of  which  will  be 
mentioned  hereafter,  a  bed  of  the  clay  containing  portions  of  chalk,  was  found  beneath  about  23 
feet  of  sand,  loam,  and  peat,  and  marine  silt ;  and  the  clay  was,  at  the  bottom,  in  immediate  con- 
tact with  what  Mr.  Rose  considers  as  the  Oxford-clay,  but  with  some  doubt  whether  it  may  not 
be  that  of  Kimmeridge.  For  an  account  of  the  newer  subaqueous  deposits,  and  of  the  more 
recent  changes  which  the  surface  here  is  proved,  by  historical  documents,  to  have  undergone,  I 
refer  to  the  publications  of  Mr.  R.  Taylor,  Mr.  Woodward,  and  Mr.  Rose,  in  which  references 
will  be  found  to  preceding  authors,  some  of  whom  are  of  very  ancient  date. 

Chalk. — An  account  is  given  in  the  publications  of  this  Society,  of  two  borings  in  the  south  of 
Norfolk,  which  illustrate  the  relations  of  the  chalk  to  the  beds  immediately  beneath  it.  One  of 
these,  described  by  Sir  H.  Bunbury,  was  made  at  Mildenhall  in  Suffolk*,  a  spot  about  twenty  miles 
north-east  of  Cambridge,  and  thirteen  from  Ely,  near  the  point  where  the  chalk  range  changes 
its  direction  from  about  south-west  and  north-east,  and  runs  northward,  to  join  the  sea  at  Hun- 
stanton f.    Another  sectional  list  has  been  published  by  Mr.  John  Taylor,  derived  from  a  boring  at 

*  Geol.  Trans.  2nd  Series,  vol.  i.  p.  379. 

t  The  general  course  of  the  chalk  escarpment  in  the  Wolds  of  Lincolnshire  (see  a  paper  by 
Mr.  Bogg,  Geol.  Trans.  1st  Series,  vol.  iii.  p.  392.)  and  of  Yorkshire,  is  from  south-east  to  north- 
west ;  so  that  the  line  of  its  course  in  Norfolk  may  be  considered  as  forming  the  bottom  or  most 
eastern  shore  of  a  deep  bay,  (and  the  lowest  part  also  of  the  range,  with  reference  to  the  level  of 
the  sea);  from  the  extremities  of  which  the  escarpment  diverges  in  both  directions; — north- 
westward, for  about  ninety  miles,  to  its  final  termination  on  the  parallel  of  Flamborough  Head ; 
and  towards  the  south-west,  for  more  than  two  hundred  miles,  to  the  coast  of  Devonshire. 
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on  the  confines  of  Norfolk  and  Suffolk*,  about  fire-and-twenty  mSes  east  of  Mfldenhall; 
through  which  phice  if  a  line  were  drawn  on  the  line  of  dip,  it  would  pass  nearly  through  Down- 
ham  on  the  margin  of  the  Fens.  In  this  section,  the  entire  thickness  of  the  chalk  was  cut  through, 
and  combining  it  with  that  at  Mildenhall,  the  result  stands  thus ;— subject,  however,  to  some  un- 
certainty, from  the  imperfect  condition  of  the  specimens  brought  up  in  boring. 


50 


Diss. 

1.  a.  Clay 50 

b.  Sand 

2.  Chalk. 

a.  Without  flints,  soft,  marly  • 

b.  With  flints,  in  layers  about  1 


Feet. 


100 


a  yard  from  each  other  .  J 


100 
330 


c.  Grey, with  occasional  layers 
of  white :  no  flints 


} 


60 


d.  Light  bright  blue  chalk,  -| 
approaching  to  clay,  with  >- 
white  chalk  stones    •  •  •  •  J 


20 


510 


[On  penetrating  the  light  blue  clay, 
the  boring-rods  sank  rapidly,  and  wa- 
ter rose  to  within  47  feet  of  the  sur- 
face.] 

3.  Sand ;— characters  not  stated  • 5 


615 


MiLDENHALL. 


I.  Sandy  loam 


Feet 
1 


II.  Chalk. 

a.  White,  without  flints    •  •  35 

h.  Yellowish,  gritty  ••••••  5 

c.  Grey,  hard 136 


176 


III.  a.  Blue  clay • • 

b.  Ditto,  darker  and  harder 

c.  Ditto,  mixed  with  green  1 

sand    .  •  •  • •  •  •  •  J 


54 
10 

10 


74 


•  •  •  • 


250 
11 


IV.  Green  sand^  with  many  fossils 

V.  Blue  clay,  abounding  in  fragments  of  1     ^ 
large  shells,  having  a  high  polish.  •  j 

[Water  coming  in  here,  the  work 
was  discontinued.] 


270 


The  section  at  Diss  is  valuable,  as  it  cuts  through  the  entire  thickness  of  the  chalk,  which  is 
here  510  feet;  of  which,  it  will  be  remarked,  the  uppermost  100  feet  are  marly  and  without 
flints.  The  light  blue  stratum,  2.  d,  referred  by  Mr.  Rose  to  the  Gault,  may,  perhaps,  rather 
correspond  to  the  lower  portion  of  the  chalk-marl,  and  to  part  of  III.  in  the  Mildenhall  section ; 
in  which  case  3.  at  Diss  would  represent  the  Upper  green-sand.  V.  at  Mildenhall  is  distinctly 
referred  by  Sir  H.  Bunbury  to  the  Gault,  which  he  supposes  to  occupy  the  flat  surface  of  the  ad- 
jacent fen. 

Mr.  Rose  states  that  the  chalk  range  in  West  Norfolk  dips  to  the  south-east,  about  five  yards 
in  a  mile ;  or  about  1  in  350.  He  has  requested  me  to  mention  that  he  considers  the  estimate  of 
the  heights  given  in  his  paper  as  probably  exceeding  the  truth  ;  and  at  my  ^gcstion,  derived 
from  the  levels  in  Cambridgeshire,  he  has  reduced  the  altitudes  in  the  section,  Fl.  X.  a.  No.  25. 

The  upper  chalk  of  Norfolk  includes  the  usual  flint  nodules ;  and  among  the  larger  flinty 
masses  are  some  like  those  described  by  Dr.  Buckland,  under  the  name  of  Paramoudra.  Many 
of  the  fossils  of  the  uppermost  strata,  according  to  Mr.  Woodward,  are  different  from  those  of 
what  he  has  called  the  medial  chalk,  which  also  contains  flints.  Near  Swafiliam,  the  chalk 
without  flints,  which  seems  to  belong  to  some  intermediate  beds  between  the  upper  and  lower 


•  Proceedings  of  the  Geol.  Soc.  (1 833-4),  vol.  ii.  p.  93. 
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groups,  fortni  a  range  of  somewlmt  lower  hilU,  on  tlie  west  of  Uiat  constituted  by  the  superior 
strata.  It  is  hard  enoiigl]  to  be  used  as  a  building  Btone<  divides  naturally  into  rhomboids,  and 
contains  liorizontal  seams  of  argillaceous  matter  ;  but  Mr.  Rose  remarks,  that  although  the  hard* 
ness  increases  progressively  downwards,  the  increase  is  not  regular  nor  uniform,  some  portioni 
as  hard  as  any  of  the  lower  occurring  in  the  upper  part  of  it.  His  list  of  fossils  from  the  chalk 
with  flints  contains  about  78  species  ;  of  wliiuli,  according  to  Mr.  Mantel),  only  40  occur  in  tlie 
corresponding  part  of  the  formation  in  Sussex. 

The  relations  of  the  lower  strata  of  the  chalk  are  best  exhibited  in  the  section  at  Hunstanton 
Cliff,  which  will  be  presently  d(;scribed.  Mr.  Rose's  list  of  fossils  from  the  chalk  without  fiiuts, 
includes  altogether  5*  species;  of  which  30  are  found  in  tlie  upper  part  of  Hunstanton  Cliff; — 
of  the  whole  ninnber  only  15  species  are  wanting  in  Mr.  Mantelt's  catalogue  of  the  Sussex  chalk 
fossils*. 

Upper  greea-sand. — It  is  probable  that  attentive  examination  would  discover  the  iMual  green 
matter  on  the  confines  of  the  chalk  and  the  representative  of  the  gaull  in  this  county  :  but  gene- 
rally the  Upper  green-sand  is  scarcely  perceptible.  In  the  section  at  Mildenhall,  inserted  above, 
10  feet  of  clay  mixed  with  green  particles,  precede  11  feet  of  (upper)  green-sand  with  many 
fossils,  which  rests  on  blue  clay,  no  doubt  the  Gault :  and  the  five  feet  of  sand  which  occur  at 
the  bottom  of  the  boring  at  Diss  may  also  (possibly)  belong  to  the  former.  Mr,  Mnrchison 
considers  one  of  the  beds  at  Hunstanton,  as  the  representative  of  the  malm  rock  of  Western 
Sussex:  and  Mr.  Rose  also  mentions  a  rock  like  firestone,  on  tlie  con  5nes  of  the  chalk,  a  rc< 
semblance  which  I  find  is  indicated  in  my  own  notes. 

Gault. — This  stratum  is  very  distinct  at  Mildenhall,  below  green-sand ;  and  ia  represented  ia 
Smith's  map,  as  occurring  all  along  the  line  of  escarpment,  between  the  lower  chalk  and  the 
lower  ferruginous  sand.  I  have  myself  seen  it  with  the  characteristic  fossils  at  East  Windi  and 
several  other  places.  Thus  at  Moaahill  Farm  ("  Mittzle  "  of  the  Ordnance  Map),  west  of  the 
house,  towards  Denver,  are  cevernl  pits,  in  a  patch,  or  cap  nf  bluish  clay,  over  the  Lower  green- 
sand  :  the  former  including  Belemniies  in  great  numbers,  phosphate  of  lime  in  kidney- shaped 
(coproid)  concretions,  a  few  specimens  of  Amnioiiiies,  and  fragments  of  Inoceraini  in  great  num- 
bers. On  the  heights  between  Middleton  Tower  and  Devil's  Goiiom,  north  of  the  section,  PI,  X.  a. 
No.  25,  are  patches  of  nhite  and  yellowish  grey  clay,  containing  many  of  the  Gault  fossils; 
— Bcleranitea,  Inocerami  in  fragments,  Echinus-spines,  and  portions  of  Encriniies.  In  fact,  most 
of  the  heights  in  this  part  of  the  country,  are  thinly  covered  with  gnult ;  while  the  sand  beneub 
it  rites  aJowly  towards  the  west. 

The  average  thickness  of  the  Gault  in  West  Norfolk  is  not  more  than  15  feet,  according  to 
Mr.  Row,  who  hu  traced  the  connexion  between  the  detadied  portions,  indicated  in  Smith's 
nwp,  SB  fti  aa  West  Newton,  about  three  miles  aouth  of  Ingoldathorpe.  The  valley  betwem  ^ 
chalk  and  Low«ri|heen-Hnd  ia  there  interrupted  by  an  advance  of  the  chalk,  and  beyond  that 
point  the  bine  GnHrb  no  longer  obaervable ;  its  place  beii^  occu]Ued  by  the  red  marly  atratum 
of  Hunstanton  OiflT.  The  position  of  tliis  red  matter  falls  in  with  the  itrike  of  the  blue  Gault  ia 
the  southern  part  of  the  range,  at  Newton ;  and  it  has  been  detected,  between  that  place  and  Hun- 
stanton, at  Dersingham  Mill,  and  at  Ingoldsthorpe,  where  I  myself  have  seen  that  the  red  stratum 
is  immediately  succeeded  by  sand,  the  blue  beds  being  wanting. 


•  Geol.  Trans.  2nd  Series,  vol.  iii.  p.201,&c,;   and  Geology  of  the  South-east  of  England, 
(1833.)  p.  370,  &c. 
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Lower  green^sand. — This  formation  here  consists,  at  the  upper  part,  of  highly  ferruginous  coarse 
sand,  one  of  the  most  remarkable  components  of  which  is  Titaniferous  oxidulated  iron*.  The 
sand  abounds  in  hard  concretions  of  siliceous  grains  cemented  by  ferruginous  matter,  in  the  form 
of  thin  flakes  or  bands,  irregularly  ramified,  which,  in  Norfolk,  are  called  "  Carstone"; — ^beneath 
which  is  finer  sand  of  different  shades  of  grey,  yellowish,  and  white.  The  course  of  the  out- 
crop is  generally  parallel  to  that  of  the  chalk  :  the  chief  localities  and  the  local  varieties  are  indi- 
cated in  Mr.  Rose's  memoir. 

In  descending  a  hill  on  the  road  from  Lynn  to  Snettisham,  about  a  mile  from  the  village  of 
Dersingham,  is  rv^e  sand,  under  yellow  slightly  consolidated  sand ;  and  near>the  line  of  the  section 
No.  25f  between  38  miles  and  39  from  Norwich,  about  half  a  mile  from  Middleton,  are  pits  of 
yellowish  and  white  sand,  with  ferruginous  concretional  bands,  apparently  belonging  to  the  upper 
member  of  the  Lower  green-sand ;  and  very  like  the  Wobum  sands. 

Organic  remains  must  be  very  rare  in  this  formation,  as  Mr.  Rose  states  that  he  had  not  obtained 
any  specimens.  At  Ingoldsthorpe,  however,  in  a  brick-field  near  Mount  Amelia^  1  found  casts  of 
the  following  shells,  in  masses  of  agglutinated  ferruginous  sand,  like  those  of  Parham-park  in 
Western  Sussex,  and  of  the  cliff  on  the  west  of  Shanklin  Chine  in  the  Isle  of  Wight ;  Auricula 
incrassaia ;  Avicula,  a  new  species ;  Corhula  striatula  ;  Mya  plicata ;  Rostellaria  calcarata  ; 
TurriteUa  granulata ;  Venus  Paba ;  and  some  other  indistinct  bivalves  and  univalves. 

No  indications  occur  in  the  sections  of  this  formation  which  I  saw,  nor  in  those  mentioned  by 
Mr.  Rose,  of  the  tlireefold  subdivision  of  the  Kentish  coast ;  but  in  the  lower  part  are  thin 
courses  of  Fuller's  earth,  not  more  than  an  inch  in  thickness.  The  lower  beds  are  stated  by 
Mr.  Rose  generally  to  contain  thin  strata  of  Fuller's  earth ;  as  in  Surrey  and  at  Wobum. 

(161.)  Hunstanton. — The  cliff  at  this  place  exhibits  an  epitome  of  all 
the  lower  strata  above  described  :  the  section  is  very  distinct^  and  the  dif- 
ference in  the  characters  and  proportion  of  the  beds  from  those  of  the  south- 
ern counties  is  so  remarkable^  that  I  think  it  necessary  to  give  an  account  of 
them^  although  the  place  has  been  already  described  by  Mr.  R.G.Taylor f 
and  Mr.  Rose. 

PI.  X.  a.  No.  26^  represents  the  cliffy  on  the  same  scale  with  the  other 
sections  in  that  plate,  and  with  Plate  X.  b.  fig.  12.  a,  which  is  copied 
from  a  portion  of  the  Ordnance  Map  of  Norfolk.  Fig.  12.  b.  is  a  sec- 
tional elevation,  for  which  I  am  indebted  to  Mr.  Murchison;  and  fig.  12,  c, 
a  sketch  of  part  of  the  cliff,  by  Mr.  Whewell,  with  whom  and  Professor 
Sedgwick^  I  had  the  pleasure  of  examining  the  place  in  1827. 

l*he  following  is  Mr.  Murchison's  description  of  his  section,  (PI.  X.  b.  fig.  12.  b.),  with  some 
additioDS  from  my  own  notes.  The  dip  is,  generally,  to  the  north-east ;  but  it  will  be  observed 
that  there  is  an  angle  in  the  coast;  so  that  the  section  is  strictly  divisible  into  two  portions,  in 
di£ferent  planes,  neither  of  them  coincident  in  direction  with  the  line  of  dip.  -  ^ 


*  London  and  Edinburgh  Phil.  Mag.,  Srd  Ser.,  vol.  vii.  p.  179.;  Phillips's  Mineralogy,  3rd  edit. 
p.  223. 

t  Geology  of  East  Norfolk;  and  Phil.  Mag.  1823,  vol.  Ixi.  p.  81. 
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Section  all  Hunstanton  Cliww. 

1.  Dunes  *  of  loose  blown  tand. 

%.  Reddish  cUy»  passing  downwards  into  fine  laminated  sand;  with  bands  of  smalll    .^    ^ 
pebbles 9    0  to/    *"    '^ 

d.  Chalky  increasing  as  it  rises»  and  attaininff  its  greatest  thickness  in  the  diff  under  the 
lighthouse.    It  is  there  about  30  feet  uick,  and  dinsiUe  mto  three : — 

a.  Grey  chalk»  in  ihin  beds ••••••••••• •  •  •  •  •     ISO    0 

k  Grey  chalk»  in  beds,  from  I  to  d  feet  in  thickness ••••••       3    0 

c.  The  lower  part,  for  about  8  or  10  feet,  includes  myriads  of  Inoce-1    ^    ^ 

rami,  chiefly  in  firagmentSt  with  large  Ammonites 6    0  to/    

about    30    0 

In  my  own  notes  I  find  it  stated,  that  some  of  die  gritty  portions  of  the  beds  in 
this  part  of  the  diBTare  very  like  the  Surrey  Jirvjiofie. 

[{/jpjier  grem-MHMlf  ?] 

4.  A  **hard  grey  bed"  like  the  malm-rock  of  Western  Sussex  (the  upper  member  of  i 

the  Upper  green-sand)^  including  great  numbers  of  ramified  stems. — Qimp.  of  Si-  I     t    0 
phonia? 1     6  to  J 

[OaHftr?.] 

5.  Red  calcareous  and  argiDaoeons  matter ;  with  multitudes  of  Bekwmiies  Ligteri,  Ino- 

ceramus,  PeeUm  orftteworis,  and  some  Terebratulse ;  generally  divisible  into  two  beds. 
This  is  essentially  a  conglomerate,  or  breccia;  bdng  composed  of  angular  fragments 
of  black  flint  or  flinty  date,  imbedded  in  a  very  large  proportion  of  hard,  marly, 
chalk-like  matter,  and  varying  in  hue  firom  a  full  to  a  pale  brick-red.  The  colour 
is  not  imiHTobably  caused  by  oxide  of  iron  derived  firom  the  ferruginous  sands  below  . 

[Lofver  greffi- JOfui] 

6.  *    a.  Yellow  sandstone,  rather  incoherent,  with  hollow  concretions,  and  *! 

curved  bands  of  bluish  oxide  of  iron  (the  "  CarsUme  "  of  Norfolk,  L 
"  Clinkers"  of  Hampshire),  with  quartz  pebbles  the  size  of  beans.  | 
Some  stems  of  Siphonia  in  the  upper  portion •••     10     OtoJ 

6.  18  composed  of  siliceous  pebbles  and  broken  fragments  of  flint,  united  -^ 
by  a  very  large  proportion  of  dark  brown  ferruginous  matter; 
which,  under  the  salt  water  becomes  nearly  black.  The  mass  is 
traversed  by  fissures,  which  divide  it  into  oblong  blocks,  and  are 
sometimes  occupied  by  carbonate  of  lime.  Continued  downwards : 
about  14  feet  are  visible • J 26    0 

Total  thickness  of  the  Section  f 60    0 

On  the  shore  at  the  west  end  of  the  diff,  I  observed  numerous  concretional 
masses  of  a  green  conglomerate ;  obviously  part  of  a  bed,  like  that  of  the  shore 
bdow  the  cliff  at  Shanklin,  and  at  Sandown  Bay,  in  the  Isle  of  Wight. 

The  Chalk  without  Jlmttf  which  forms  the  upper  part  of  the  cliff  at  Hunstanton,  rises,  according 
to  Mr.  Rose,  aboni  15  yards  in  a  mile ;  the  general  inclination  of  the  strata  around  Swaffham 
(Section  No.  25.)  being  about  5  yards  in  a  mile.  This  part  of  the  chalk  at  Hunstanton  comes 
down  into  contact  with  the  Red  Chalk  (the  Upper  green-sand  being  wanting),  and,  according  to 
Mr.  Rose,  admits  of  subdivision  into  three  portions.  1.  Chalk,  of  a  pure  white  colour.  2,  Grey 
chalk,  of  a  sandy  texture, — (No.  3.  of  Mr.  Muggridge's  Section  given  in  the  note  below).     This 

*  This  word  is  in  some  parts  of  Norfolk  written  " Denes"  In  the  village  of  Hunstanton  are 
loose  blocks  of  green-stone  and  basaltic  porphyry,  of  considerable  size  and  worn  at  the  edges ;  and 
in  the  transported  matter,  at  the  signal  end  of  the  cliff,  were  some  pieces  of  mountain  limestone. 

t  The  measurements  of  Mr.  Taylor  and  of  Mr.  Muggridge  (published  by  Mr,  Rose)  coincide 
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contains  very  hard  mauea  diatributed  through  aoAer  matter,  and  ia  stated  by  Mr,  Woodward, 
to  iDcIode  a  mixture  of  the  foaails  of  the  Upper  greeo-aand  with  thoie  of  the  chalk  marl.  3.  A 
bed  of  hard  chalk,  composed  eotirel]'  of  a  ramoae  aoophyte ; — (No.  4.  of  Mr.  Murchiaon'a  Section 
and  part  of  4.  of  Mr.  Muggridge's  mentioned  below). 

The  beds  between  the  white  chalk  and  the  Lower  green-sand  here,  diffei  much  from  those  of 
■he  Bouthem  counties.  The  Upper  green-aand,  if  it  be  present  at  all,  is  very  indistinct :  the 
green  particles  which,  in  other  places,  abound  in  this  part  of  the  seriea,  are  wanting;  and  the 
thickness,  which  in  the  Isle  of  Wight  is  60  or  70  feet,  is  here  reduced  to  2  feet.  The  Gault 
has  but  a  doubtful  representative;  and  instead  of  resembling  the  blue  clay  of  the  South,  appears 
under  the  form  ofredduh  marl,  not  more  than  4  feet  thick*. 

Mr.  Woodward  gives  a  list  of  16  species  of  shells,  from  this  red  matter  at  Hunstanton;  of 
which  number  only  five  occur  in  the  Gault  of  the  southern  counties :  seven  are  found  in  the 
Chalk ;  four  in  the  Upper  green-sand,  at  some  other  places ;  three  in  the  Lower  green-saud ;  and 
the  five  following  occur  only  in  the  red  chalk, — Ammtmilei  altematiu,  Spatangut  j^mnit,  Spimgia 
paratloxa,  Terebralula  pentangulaia,  T.  triplicala. — Geology  of  Norfolk,  p.  54. 

.  Kimmeridge  clay, — This  stratum,  in  West  Norfolk,  succeeds  immediately  to  the  Lower  green- 
sand,  all  along  the  line  of  escarpment.  It  can  be  seen  in  several  detached  points,  between 
Southrey,  about  the  tenth  mile  on  the  road  from  Ely  to  Lynn,  and  the  shore  beneath  Hunstanton 


very  nearly,  with  those  of  Mr.  Murcbison  and  myself,  though  their  divisions  of  the  strata  a 
quite  the  same. 


Taylor, 

1.  Soil  and  diluvium 

2.  Chalk,  with  feir  oi^ 

ganic  remains 

3.  Very  hard 


;;}36 


White,  with  a  ramified  \ 

zoophyte, tike  rootsoftreea/ 


5.  Deeprednistter;  lin.to... 

6.  Red  chalk 2 


.  Red  chalk ;    darker  I 
and  more  compact  v 


9.  Puddingstone     and     sandy  1     . 

breccia,  very  dark  brown...  J 

10.  Very  darkpuddingitone,  in-i 
some  places  almost  black  :  I    , 
discernible     only    at    low  r   ' 
water visible  about  J 


Muggridge,  I83JS. 

1.  Soil  and  diluvium 

2.  Lowest  chalk 28    I 

3.  Chalk  marl...    2    6  to  3    < 

4.  White loophytic bed...]    4 


5.  Red  zoophyticlime-' 
stone,  (represent- 
ing the  gault,)  ■ 


u-1 

:er  t  0    3 

10  J 


6.  Lower   green-sand  . 

7.  Cantone 


.  Sandy  breccia   14 


No.  3. 
No.  4. 


1     6to2     0 


No.  6. 

0.  10  ft.  to  M    ' 


*  Similar  beds  of  Red  marl  occur  in  the  corresponding  place  beneath  the  chalk-w<Jda  of  £ 
colnshire,  (see  a  paper  by  Mr.  Bogg,  Geol.  Trans.  1st  Series,  vol.  iii.  p,  392,  &c.);   anil  u 
a^ain  at  Speeton,  near  Flamborough  Head,  on  the  Yorkshire  coast ; — where,  however)  tlicy'i 
distinctly  superior  to  the  blue  gault,  and  are  regardiU|^^^lullipa,  as  forming  part  qf  jd 
chalk. — Geology  of  Yorkahire,  (1st  ed.)  p.  75  ;  — '  "^J^^^^^^  ■ 
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Cliff,  where  ita  occurrence  is  mentioaed  by  Mr.  R.  C.  Taylor ;  and  Mr.  Woodward  states,  that 
beneath  13  foet  of  brick-earth,  near  the  fonner  place,  a  few  inches  of  btiuminoua  sliale  were 
found,  which  burned  readily  and  contained  between  its  Umins  impressions  of  an  Ammonite,  and 
a  small  bivalve,  (Tellina?).  * 

At  Southrey,  I  found  iu  the  clay  many  of  the  characteriiiic  Kimmeridge  fossils,  among  whk^ 
are  Oitrea  ddtoidea.  Ammonites  Lamherti,  Apiycbus,  like  that  of  Buckinghamshire  (PL  XXIU. 
fig.  1 1 .),  and  a  Vermetua  ;  with  fragments  of  tlie  teeth  and  bones  of  Saurians. 

In  a  brick-field  beneath  Downham  Market,  where  S  or  G  feet  of  clay  were  exposed,  I  &und 
Oslrea  deltoidea,  another  large  bivalve,  and  a  great  number  of  Ammonites  (A.  h'ipUx  ?)  much  com- 
preased.     In  a  section  at  Denver  Sluice,  near  Donaham,  tlie  order  was  as  followsf: — 

Ft.    IlL 

1 .  Sandy  loam,  peat  and  clay  ;  containing  roots  of  plants 23     0 

2.  Dark  ferruginous  sand 3    0 

3.  Clay;    which,  from  its  poiition  and  contact  with  sand,  scema  to  be  that  of  Klm-l    - 

nieridge j 

The  Oxford  oolite  has  not  been  found  in  this  part  of  the  couutry ;  nor  the  subjacent  calca- 
reous grit. 

The  only  mode,  therefore,  in  which  the  presence  of  the  Oxford  clay  can  be  ascertained,  i«  by 
its  fossil:! ;  for,  although  the  great  depth  of  clay  passed  through  at  Lynn,  in  the  well  sunk  and 
bored  ai  Mr.  Allen's  brewery,  exceeds  the  average  thickness  of  the  Kimmeridge  clay,  even  when 
combined  with  the  Weymouth  strata,  identity  cannot  be  safely  denied,  on  the  evidence  of  thick- 
ness alone.  More  than  630  feet  of  ciay  were  cut  through  in  this  well,  after  passing  through 
between  40  and  50  feet  of  loam,  peat,  clay,  and  marine  silt.  Of  tiiis  great  thickness  a  part 
no  doubt  belongs  to  the  Kimmeridge  clay;  and  the  fossils  obtained  from  the  lower  beds,  now 
in  Mr.  Rose's  possession,  offer  no  very  decisive  proof  that  the  Oxford  clay  is  there.  But  or 
the  other  baud,  none  of  the  more  characteristic  fossils  of  Kimmeridge  occur  in  it,  except, 
Oitrea  deltoidea; — no  Gfyphaa  f'irgula,  nor  Aptychus.  The  list  given  by  Mr.  Rose,  induiles 
AmmmUt  decipietui  A.  txcaeabu,  and  another  very  small  species;  Belamutet  aUremaftu; 
Qryphtxa  buBaia,  with  Serpula  tricariiuita  attached  to  it ;  Mya  dtprtMta  (a  Kimmeridge  clay 
foiailT)  ;  a  Pecten  impressed  upon  a  Venua  ;  and  a  muricated  spine  of  an  Echinus.  Among  tbe 
specimens  from  tbe  deep  well  which  I  find  mentianed  in  my  notes  of  1827,  are  a  large  \naaixMt; 
two  others  of  small  >iie  (one  very  like  A .  Ktiioviermi);  Gryphtxa  diUuata,  with  another  bivaire 
adhering ;  Oitrea  deltoidea ;  two  indistinct  bivalves ;  and  part  of  a  flat  bone. 

(^169.)  lAat  of  FobbUs  of  the  Beds  below  the  Chalk,  in  Bedpordshibe, 

1^  CAMBRIDOSSBIREy  and  NoRFOLK. 

GaaU: — meluding  the  red  ttratum  at  Hunttaaton. 
Ammonites  deniattis.     Ingoldsthorpe,  Norfolk  ;  in  grey  sandy  clay, 

A infiatHSy  young.     Between  Cambridge  and  Ely. 

A laulus.     Between  Cambridge  and  Ely :  in  green  sand,  at  the  bottom  uf  the 

Gault. 

Between  Cambridge  and  Ely  i 

r,6.  f  Ibid.,  p.  173. 
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Belemnites  attenuatuu    Ingoldslhorpe,  Norfolk. 

B >  minimus.    Ingoldsthorpe  :  in  very  ligbt  gray  marl,  with  an  Inoceramus. 

Hunstanton  :  a  very  large  specimen,  in  the  red  marl. 
Dentalium,  with  Exogyra  conica.    Between  Cambridge  and  Ely. 
Echinus;  spine  and  fragments.     Between  Cambridge  and  Ely  :  in  gray  marly  clay; 

Ingoldsthorpe.     Hunstanton. 
Exogyra  conica.    Between  Cambridge  and  Ely :  with  part  of  a  Dentalium. 
GrypluBa  globosa.      Hunstanton :    with  fragments  of  Inoceramus,  and  numerous 

quartzy  particles,  in  red  marL 
Inoceramus  concentricus  ?     Hunstanton  :  in  red  marl. 
/  Cripsii :     (Mantell).     Hunstanton:  red  marl. 

I  intermedius  ?     Hunstanton. 

/ — — ^^—  sulcatus.    Woburn,  Bedfordshire. 
/ (indistinct.)  Ingoldsthorpe:  in  light  gray  marl ;  with  Belemnites  minimus. 

Hunstanton  :  shell  very  thick,  in  red  marl ;  with  Belemnites  minimus} 
Pecten  Bearoeri.     Hunstanton  :  with  stems  of  Siphonia  ? 
Siphonia.     Hunstanton  :  in  gray  marl ;  {Lower  chalk  ?) 
Terebratula  biplicata.     Hunstanton;  in  the  red  marl. 
T subundata.     Hunstanton ;  in  the  red  marl. 

Loner  Green-sand, 
Auricula  incrassata.    Brick-field,  near  Ingoldsthorpe,  Norfolk;  in  ferruginous  masses, 
like  those  of  Parham  Park,  Sussex,— with  the  following : — 
Axncula  (new);  Natica;  Panopoea  plicaia;  Rostellaria  calcarata;   Turritella  gra- 
nulata ;   Venus  Faba. 

Kimmeridge  Clay, 

Ammonites  biplex.    Asplay,  near  Woburn  :  in  gravel. 

A Lamberti.  Between  Cambridge  and  Ely  :  in  clay,  probably  that  of  Kim- 
meridge. 

Apttfchus;  Von  Meyer: — (Trigonellites  of  Parkinson.)  PI.  XXIII.  fig.  1 1.  Roadside 
between  Cambridge  and  Ely.  The  same  as  near  Whitchurch  and  Stewkley, 
Bucks ;  supra,  pp.  292  and  302. 

Ostrea ;  fragments.     Between  Cambridge  and  Ely. 

Oxford  OoUte. 

At  Upware,  on  the  banks  of  the  Cam,  about  eight  miles  below  Cambridge,  the  fol- 
lowing fossils  are  found,  in  coarse  limestone  : — 

Area.  Astrea.  Gidaris;  ^^\ne.  CficiiZ/csa;  with  Pecten  and  other  fossils.  Fusus. 
Gastrocfujena.  Gervillia  aviculoides ;  with  Turbo  muricatus.  Isocardia  (new); 
very  acute.  Littorina  muricata.  Modiola  (indistinct.)  Ostrea  gregaria.  Pecten 
vimineus.  Plagiostoma  cardiiforme.  Plicattda.  Trigonia  Pullus.  Turbo  (in- 
distinct).    Turritella  muricata  ?     Venus  (cast,  imperfect). 
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SUMMARY  AND  GENERAL  REMARKS. 

(163.)  The  order  of  the  strata  mentioned  in  the  preceding  pages  is  repre- 
sented generally  in  the  abstract  Section^  PI.  X.  b.  fig.  13. 

THicKWEff  or  Strata. — I  have  not  inserted  in  the  engraved  section  the  thickness  of  the 
fproupf ;  both  because  it  varies  much  in  different  places,  and  that  in  general  my  estimates  are  so 
looM^  an  not  to  be  relied  upon.  Accurate  measurements  of  the  thickness  of  the  English  strata 
imvt  ^ery  seldom  been  made.  The  following  are'  approximate  numbers,  derived  however,  princi- 
pally, from  estimates  by  the  eye. 

Chalk, — The  entire  thickness  of  the  chalk  is  exposed  in  many  of  the  sections  on  the  south- 
i?asief  n  coast ;  but  westward  of  the  Isle  of  Wight  the  beds  are  convergent  and  much  reduced  in 
bulk.  Between  Deal  and  Folkstone,  Mr.  W.  Phillips  has  estimated  the  total  thickness  at  820  feet^ 
The  two  sections  at  the  extremities  of  the  Isle  of  Wight,  between  Whitediff  and  Sandown  Bayi 
on  the  east, — and  between  Alum  Bay  and  Broadbench,  at  the  western  extremity  of  the  central 
ridge,  furnish  good  evidence  ;  the  strata  being  so  nearly  vertical,  that  the  horiaontal  line  acroa 
their  direction,  does  not  very  much  exceed  the  perpendicular  to  their  surfiices.  Mr.  Greenough 
has  accordingly  estimated  the  thickness  at  Culver  at  1300  feet*;  and  the  interval  on  the  Ord- 
nance map,  which  is  very  nearly  the  same  at  the  two  extremities  of  the  island,  (being  in  both 
places  about  2  furlongs,  or  IdSO  feet,)  may  probably  be  considered  as  somewhat  exceeding  the 
maximum  thickness  of  the  chalk  in  England. 

Mr.  Conybeare  estimates  the  chalk  as  ranging  between  600  and  1000  feet';  and  Mr. Dels 
Beche  at  700  ^.  The  height  of  the  cliff  at  Beachy  Head,  which  includes  at  top  part  of  the  flinty 
chalk,  and  goes  down  very  nearly  to  the  Upper  green-sand,  is  only  5$5  feet  * ;  but  if  250  feet  be 
added,  for  the  remainder  of  the  flinty  chalk,  {$50  being  the  thickness  of  that  division  near  Dover^) 
the  aggregate  thickness  on  the  Sussex  coast  will  be  about  800  feet. 

At  Wendover  Hill,  the  summit  employed  as  the  Ordnance  Station  is  905  feet  above  the  sea^ ; 
and  the  canal  at  Wendover  being  404^  feet,  and  still  within  the  chalk,  the  difference,  500  feet,  is 
certainly  less  than  the  total  thickness  at  that  place. 

But  the  whole  of  the  chalk  passed  through  in  the  boring  above  mentioned,  at  Diss  in  Norfolk S 
(which  includes  at  the  top  100  feet  without  flints,)  was  only  510  feet. 

The  wide  range  of  variation  in  thickness  above  stated  (supposing  the  measures  to  be  correct), 
arises  in  a  great  measure  from  the  unequal  abrasion  and  removal  of  the  upper  strata ;  but  must 
in  part  also  be  ascribed  to  original  inequality  in  the  thickness  of  the  chalk  itself. 

Upper  green-sand, — The  thickness  of  this  group  near  Folkstone  does  not  exceed  SO  feet,  and 
is  probably  much  less'' ;  but  it  swells  out  considerably  near  Godstone,  and  Merstharo,  and  at  the 
latter  place  is  upwards  of  30  feet  thick '".  The  depth  of  the  wells  sunk  through  it,  in  the 
Malm  rock  strata  of  Hampshire,  varies  from  60  to  100  feet".     In  Western  Sussex  the  thickness 


'  Geol.  Trans.,   1st   Ser.  vol.  v.  p.  18.  -  Conybeare,  Outlines,  &c.  p.  85. 

Ibid.  *  Tabular  View,  2nd  edit.  -  Section,  No.  6.  Plate  X.  a. 

Phillips,  Geol.  Trans.,  1st  Ser.  vol.  v.  p.  18.  "  Supra  (U9.),  p.  284 ;  and  Sect.  20,  PL  X.  a. 

-  (160.),  p.  311.  "(9.),  p.  107.  '^  (49.),  p.  140.  "Murchison, 

Geol.  Trans.,  2nd  Series,  vol.  ii.  p.  99. 


Dn  PiTTON  an  the  Strata  below  the  Chalk.  319 

is  between  70  and  80  feet^ ;  in  the  Isle  of  Wight,  about  70  feet^  At  Blackdown  the  thickness 
of  the  sand  is  about  100  feet' ;  in  the  Vale  of  Wardour,  probably  from  60  to  80^ ;  near  Swindon, 
30  to  50  feet^:  but  at  the  Castle  Hill,  Cambridge^  it  is  not  more  than  18  inches^.  Thence 
through  West  Norfolk,  the  stratum  is  not  anywhere  distinctly  seen ;  and  at  Hunstanton^  the 
only  beds  which  can  be  supposed  to  represent  it,  are  not  more  than  2  feet  thick 7. 

GauU. — ^The  thickness  of  this  stratum  near  Copt  Point,  derived  from  barometric  measurement, 
is  about  130  feet^.  In  the  interior  it  is  difficult  to  obtain  good  estimates,  and  accurate  measures 
can  be  expected  only  in  wells.  At  Merstham  it  is  about  150  feet  thick  ^;  in  the  Isle  of  Wight 
probably  about  70  feet  ^^ :  at  Ridge,  in  the  Vale  of  Wardour,  it  is  about  75  feet  *  * ;  at  Cotmore 
Wells  near  Thame,  90  feet*^.  In  Cambridgeshire,  the  entire  stratum  has  been  cut  through  re- 
peatedly in  wells  and  borings,  which  give  an  average  thickness  of  150  feet  >' ;  but  at  Mildenhall  in 
Sufiblk,  the  blue  clay,  which  seems  to  represent  it,  is  only  9  feet  ^*.  In  West  Norfolk  Mr.  Rose 
considers  that  the  utmost  thickness  cannot  be  more  than  15  feet'^;  and  at  Hunstanton  the  red 
marly  beds  which  are  supposed  to  contain  Gault  fossils,  are  only  4  feet  thick '^. 

Lower  green^sand, — The  measured  thickness  of  this  formation  can  be  most  easily  obtained  on 
the  shore  between  Copt  Point  and  Hythe,  where  the  uppermost  subdivision  is  about  70  feet 
thick  17 ;  the  middle  group,  70  to  100  feet  >» ;  and  the  lowest,  60  to  80  feet  *^ ;  the  total  thickness 
consequently  about  250  feet.  In  Western  Sussex,  Mr.  Murchison  states  that  nearly  400  feet  of 
sand  were  passed  through  in  a  boring,  at  Petworth  Summerhouse^;  and  Mr.  Martin  conceives 
that  the  two  lower  members  may  be  together  about  150  feet  thick  ^^  In  the  Isle  of  Wight  the 
thickness,  between  Bonchurch  Cove  and  Sandown,  Rocken  End  and  Atherfield  Rocks,  cannot  be 
less  than  that  of  the  formation  near  Folkstone,  and  seems  to  be  much  greater.  At  Brill,  in  Buck- 
inghamshire, about  26  feet  remain  ^"^ ;  in  West  Norfolk,  Mr.  Rose  considers  the  thickness  of  the 
whole  formation  to  be  about  80  feet  ^'. 

Wcalden, — No  measures,  on  good  estimates,  of  the  thickness  of  the  strata  in  this  group  have  yet 
been  obtained.  Mr.  Martin  assigns  281  feet  to  the  Weald-clay  cut  through  in  boring,  at  Petworth 
in  Western  Sussex^^ ;  but  in  the  section  at  Tiepit  and  Cowleaze  Chine  in  the  Isle  of  Wight,  the 
clay  seems  to  be  no  more  than  140  feet  thick**. 

The  section  of  that  part  of  the  HasiingS'Sands  which  is  visible  between  St.  Leonard's  Church 
and  the  top  of  the  great  sand  rock  bed,  may  be  about  200  to  250  feet ;  the  sand  rock  bed 
itself,  under  the  castle,  about  80  to  120  feet;  and  thence  to  the  lowest  point  upon  the  coast, 
east  of  Hastings,  about  200  or  250. — Total  thickness,  between  400  and  500  feet««. 

It  is  difficult,  from  their  contortions,  to  estimate  the  thickness  of  the  Purheck  strata  on  the 
coast.  Mr.  Webster  has  given  in  detail  the  stratification  of  a  portion  of  them,  which  amounts  to 
124  feet,  8  inches «' ;  to  which  may  be  added  about  150  feet, — making  a  total  of  about  275  *«.  In 
the  Vale  of  Wardour,  the  total  remaining  thickness  of  the  group  appears  to  be  from  40  to  60 


'  Martin,  p.  20, — who  states,  however  that  1 00  feet  would  probably  be  no  exaggeration  of  the 
thickness,  where  the  stratum  first  emerges  from  beneath  the  chalk.  *  Webster,  Letters,  &c., 
p.  140. :  and  supra  (93.),  p.  183.  '  Supra  (120.),  p.  236. ;  and  (93.)  p.  183.  *  (128.), 
p.  216.;    (129.),  p.  247.  *  (141.),   p.  265.  ^  (158.),  p.  305.  '  (161.),   p.  314. 

•  (11.),  p.  109.  ^  (49.),  p.  140.  »o  (93.),  p.  184.  »»  (129.),  p.  247.  »«  (148.), 

p.  279.         "  (158.),  p.  306.         »♦  (160.),  p.  311,         ^*  Rose,  p.  181.         »«  Supra  (161.),  p.  314. 
'^  (17-)t  P- 116.  >8  (25.)  p.  122.  »»  (32.)  p.  126.  *>  Geol.  Trans.,  2nd  Ser.  vol.  ii. 

p.  102.  «»  Martin,  p.  36—40.         ««  (148.),  A.  p.  280.  "^  Rose,  p.  176.  «*  Martin, 

p.  36.  and  40.        «  Supra  (100.),  p.  198.         ^  (80.)  to  (84.),  p.  163—172.         ^  Geol.  Trans., 
2nd  Ser.  vol.  ii.  p.  39.         ^^  Supra  (104.),  p.  209. 

VOL.  IT. SECOND  SERIES.  2  T 
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het^nnd  in  Buckinghamshire  still  less^  Mr.  De  la  Beche  estimates  the  whole  formation  it 
S50  feet  3.  The  aggregate  thickness,  therefore,  of  the  three  groups  which  compose  the  Wealden, 
cannot,  probably,  be  less  than  800  feet. 

Portland  stone, — This  formation  being  well  defined  and  fully  exposed,  its  thickness  is  well  as- 
certained; and  in  Portland  Island  it  seems  to  range  between  60  feet^  and  about  70.^ ;  at  Swindon 
it  is  about  60  to  65^:  at  Great  Hazeley  in  Oxfordshire  27  feet? ;  at  Brill,  about  23  feet**; 
near  Quainton  and  Whitchurch  in  Buckinghamshire,  from  4  to  20  feet^. 

Por/^nc/ «amf. --Near  St.  Alban's  Head,  Isle  of  Purbeck,  120  to  140?  feet^^^;  in  the  Isle  of 
Portland,  80  feet"  ;  near  Thame  in  Oxfordshire,  about  50  feet^^. 

Kimmeridge  c^y.— The  thickness  of  this  group  is  uncertain,  and  seems  to  vary  much  in  dif- 
ferent places.  On  the  coast  Messrs.  Buckland  and  De  la  Beche  assign  to  it  600  feet,  at  Kim- 
meridge Bayi^;  but  they  state  the  thickness  at  Ringstead  Bay  to  be  only  300  feet^^.  At  the 
Headington  quarries  in  Oxfordshire,  I  found,  in  one  of  the  pits,  only  20  feet  of  clay  *^.  The 
general  thickness  is  stated  by  Mr.  De  la  Beche  to  be  500  feet*^. 

Oxford  ooUie.'^On  the  coast  near  Weymouth,  150  feet  >?.  The  whole,  in  Wiltshire,  according 
to  Mr.  Lonsdale,  about  200  feet  ^^ ;  Mr.  De  la  Beche,  150  feet*^. 

Oxford  clay, — On  the  Dorsetshire  coast,  near  Weymouth,  300  feet  ^ :  at  Lynn  in  West  Nor- 
folk Mr.  Rose  assigns  to  this  formation  the  whole  depth  of  a  well,  which  would  make  the  thickness 
about  630  feet^^ ;  but  part  of  this  depth  may  possibly  be  Kimmeridge  clay.  Mr.De  la  Beche's 
estimate  for  the  whole  formation  is  600  feet^^ 

(164.)  Order  of  Geological  Events. — The  succession  of  events  which  the 
preceding  pages  demonstrate^  has  been  already  detailed  in  some  other  pub- 
lications* ;  but  they  are  too  important  not  to  be  recited  here.  The  evidence 
bearing  on  the  following  propositions^  derived  from  the  South  Eastern  Coast, 
the  Vale  of  Wardour,  and  Buckinghamshire,  is  all  in  perfect  harmony;  and 
the  inferences  are  so  directly  connected  with  the  facts,  as  to  be  rather  corol- 
laries than  deduction?  from  them. 

1.  Deposition,  beneath  the  sea,  of  the  following  groups  of  strata,  beginning  with  the  lowest:— 

a,  Oxford  oolite,     b,  Weymoutli  and  Kimmeridge  strata,     c.  The  Portland  sand  and  stone. 

2.  Elevation  of  the  Portland  strata  above  the  sea. 

3.  Submersion^  by  fresh  water,  of  the  newly  disclosed  land. 

4.  Deposition  beneath  fresh  water,  above  the  Portland  strata,— first,  of  a  thin  bed  of  clay;  and 

then  of  a  crust  of  freshwater  limestone,  the  "skull-cap."  (111.)  p.  224,  and  (113.)  p.  226. 


'  Supra  (132.),  p.  251.  ^  (150.),  p.285-6.  ^  Tabular  View.  •♦  Webster,  Geol.  Trans, 
vol.  ii.  p.  42,  43  ;  and  Pi.  VI.  fig.  3.  ^  Buckland  and  De  la  Beche,  PI.  III.  fig.  1.  of  this  volume. 
^  Supra  (141.),  p.  267.  ^  (144.),  p.  276-277.  '  (148.),  C.  p.  280-1.  «>  (152.),  p,  J^88,  290. 
">  (106.),  p.  212.— Section,  fig.  5.  Plate  X.b.  "   Buckland  and  De  la  Beche,  p.lO.  ofthis 

volume.  '2  Supra  (U8.)  p.  282-3.  '"^  Page  19.  of  this  volume — This  estimate,  however, 

appears  to  be  too  great :  see  above,  (107.)  p.  212-13.  '^  PI.  III.  of  this  volume,  fig.  1.;  aiulp.:^^, 
I.e.  '''  Supra  (146.),  p.  278-9.  •'*  Tabular  View.  '^  Buckland  and  De  la  Beche, 

p.  23.  of  this   volume,  1.  2.  from   bottom.  '^  Geol.  Trans.   '2nd   Series,   vol  iii,  p.  2.1. 

"  Tabular  View.         '^^  Buckland  and  De  la  Beche,  p.  28.  of  this  volume.  -'   Rose,  p.  174.; 

supra  (161.)  p.  316.  -^^  Tabular  View. 

*  See  the  works  of  Mr.  iMantell ;  Dr.  Buckland's  and  Mr.  De  la  Beehe's  paper  in  the  present 
volume  ;  and  the  '*  Geology  of  Hastings",  p.  79,  &:c. 


Dr.  FiTTON  on  the  Strata  below  the  Chalk  S%\ 

5«  Deposition  upon  the  "skull-cap"  of  a  bed  of  ''dirt",  (110.)  p.  223. ;  and  exposure  of  it  as 
dry  land. 

6.  Growth  upon  this  land,  of  the  Cycadeee  now  found  in  the  Dirt-bed,  in  ntu^  and  in  the  upright 

position.  10  :  p.  223-4. 

7.  Second  submersion  (at  least),  of  the  land,  in  fresh  water ;  proved  by  the  deposition  and  exist- 

ence of  the  "  cap".  (111.)  9,  p.  222,  3  ;  and  (113.)  p.  226. 

8.  Exposure  of  the  surface  of  this  "cap"  as  land ;  and  growth  upon  it  of  coniferous  trees,  and  of 

Cycadeae.  (111.)  8,  p. 220-22. 

9.  Ravages  (from  the  effects  of  currents  of  wind,  or  water,— or  from  earthquakes),  by  which  the 

trees  were  overthrown,  or  broken  off  at  short  distances  above  the  roots. 

10.  Third  submersion^  in  fresh  water  ;  and  deposition  of  slaty  limestone,  containing  freshwater 
fossils  only,  but  near  the  bottom  alternating  with  clay*.  (111.)  p.  219,  220.;  and  (113.) 
p.  226. 

11.  Alternation  of  Oysters  with  freshwater  fossils  in  the  slaty  Purbeck  limestone;  proving 
access  of  the  seafy  apparently  in  an  estuary  (104.)  p.  208 ;  and  (1 13.)  p.  226. 

12.  Continuance  of  the  estuarine  condition  during  the  whole  remaining  epoch  of  the  Wealden  ; 
proved  by  the  occasional  presence  of  oyster-shells,  throughout  the  Hastings-sands  >and 
Weald-clay.  (98.)  p.  190. ;  and  List  of  Fossils,  p.  178. 

13.  Sudden,  or  rapid,  depression  of  the  entire  Wealden,  to  such  a  depth  as  to  be  covered  with 
salt  water;  proved  by  the  sudden  and  exclusive  appearance  of  marine  productions  and 
fossils,  above  and  in  immediate  apposition  with  strata  containing  only  freshwater  fossils, 
though  mineralogically  of  the  same  composition,  (100.)  p.  196-7. 

(165.)  Local  Distribution  of  the  Strata. — If  a  line  drawn  from  the  coast  at 
Folkstone^  touching  London  on  the  north,  and  thence  towards  Newport 
Pagnell;  and  another  line  from  about  Atheriield  in  the  Isle  of  Wight 
towards  Faringdon  in  Berkshire,  the  tract  intervening  will  comprise  the 
space  throughout  which  the  beds  immediately  below  the  chalk  are  most 
fully  developed  :  and  if  the  standard  be  taken  from  the  condition  of  the  strata 
when  possessed  of  their  greatest  bulk^  that  of  the  Green-sands  and  Wealden 
may  be  said  to  occur  in  Kent,  Sussex^  and  the  Isle  of  Wight;  from  which 
central  tract  these  groups  appear  to  thin  out  in  every  direction. 

The  whole  series  immediately  below  the  chalk  is  finely  developed  between 

*  The  alternations,  in  this  case,  are  distinguished  from  those  of  the  coal  formation,  (in  which 
also  the  remains  of  terrestrial  and  freshwater  productions  alternate — in  some  instances  repeatedly — 
with  those  of  marine  origin),  hy  the  growth  of  plants  upon  the  surface  of  some  of  the  alternating 
strata  ;  a  proof  of  their  exposure,  as  dry  land,  between  successive  immersions.  Mr.  Prestwich, 
in  a  valuable  paper  on  the  coal-field  of  Coalbrook  Dale,  has  justly  remarked,  that  the  repeated 
alternations  in  that  district  are  no  proof  that  the  tract  itself  was  raised  above  the  sea  and  again 
depressed,  as  many  times  as  the  freshwater  remains  alternate  with  the  marine ; — since  the  facts 
may  be  accounted  for  by  supposing  that  the  strata  were  accumulated  in  an  estuary  liable  to 
freshes  from  a  river  of  considerable  size. — Proceedings  of  Geol.  Society,  1836,  vol.  ii. 

t  Lamarck  (Aniraaux  sans  Vert^bres,  vol.  vi.)  mentions  altogether  81  species  of  the  genus 
Ostrea ;  48  of  which  are  of  existing  species,  33  known  only  in  the  fossil  state.  Of  the  48  recent 
species,  40  are  marine,  and  8  uncertain,  but  also  probably  marine.  In  the  present  state  of  our 
knowledge  therefore,  the  occurrence  of  Oysters  may  fairly  be  considered  as  proof  of  the  former 
access  of  the  sea. 

2t  2 
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Farabam  and  Petersfield  and  around  the  west  end  of  the  Wealden  denu- 
dation ;  the  Lower  green-sand^  especially,  is  nowhere  better  disclosed,  except 
in  the  Isle  of  Wight.  It  is  not  improbable,  that  the  part  of  these  groups 
which  once  intervened  between  the  Isle  of  Wight  and  the  Sussex  coast,  and 
is  now  concealed  by  the  sea,  was  likewise  fully  expanded ;  but  at  Folkstone 
the  Upper  green-sand  has  already  become  much  thinner. 

It  remains  yet  to  be  ascertained  whether  in  their  prolongation  northward 
in  England,  and  towards  the  east  on  the  continent  of  Europe,  these  groups 
again  assume  their  more  bulky  and  varied  form,  as  our  Upper  green-sand 
is  observed  to  do  after  reduction,  even  within  very  short  distances ;  and 
whether,  if  they  do  so  expand,  the  relative  proportions  of  the  component 
members  be  the  same  in  remote  countries ;  an  inquiry  which  is  the  more  in- 
teresting in  the  case  of  the  green-sand  formation,  from  its  very  wide  diffu- 
sion, and  the  great  space  which  it  occupies  in  different  parts  of  Europe. 

Details. — The  following  are  some  of  the  local  variations  in  the  strata  composing  the  groups 
above  referred  to : — 

Chalk, — It  may  be  remarked  that  the  chalk  rises  much  more  rapidly  towards  its  outcrop, 
between  Wiltshire  and  Hertfordshire,  than  in  the  more  northern  counties  of  the  South  East  of 
England.  In  departing  from  that  central  tract,  both  towards  Devonshire  on  the  south,  and 
northwards,  the  rise  is  comparatively  smaU ;  the  beds  shooting  out  very  gradually,  and  occupying 
very  wide  spaces  of  uniform,  flat  country.  Tiie  disturbance,  by  which  the  ridge  of  the  Wealds 
and  the  parallel  range  of  elevations  through  the  Isle  of  Wight  and  Dorsetshire  were  produced, 
wasprobably  the  principal  cause  of  this  variation :  and  the  mean  course  of  the  Thames  itself, 
from  the  point  where  it  cuts  through  the  chalk,  may  possibly  be  connected  with  that  derange- 
ment. But  in  the  chalk  itself,  on  the  south-west  of  London,  much  local  variation  is  found 
in  the  angle  and  direction  of  the  dip ;  and  from  the  facts  mentioned  by  Mr.  De  la  Beche,  respect- 
ing the  faults  in  Devonshire,  and  what  I  have  seen  of  the  minor  irregularities  on  the  shore 
near  Hastings,  it  is  probable  that  if  the  whole  surface  in  this  part  of  England  were  examined 
with  equal  attention,  it  would  prove  to  be  pervaded  by  cracks  and  slight  dislocations. 

The  Upper  green-sand  is  especially  remarkable  for  great  variation  in  its  thickness  and  compo- 
sition ;  and  it  is  everywhere  so  intimately  connected  with  the  lowest  beds  of  the  chalk,  that 
if  we  had  more  accurate  measurements  of  our  strata,  the  total  thickness  of  that  formation,  in- 
cluding the  Upper  green-sand — miglit,  perhaps,  be  found  to  be  nearly  uniform.  The  latter  passes 
most  commonly  by  insensible  gradation  into  the  soft  dark-coloured  marly  chalk.  In  many  cases,  it 
forms  a  very  thin  and  scarcely  distinguishable  group, — as  near  Folkstone,  where  it  is  not  more 
than  ftO  feet  thick  ;  in  others,  the  chert  which  it  contains  becomes  conspicuous,  and  it  affords  also 
beds  of  firestone,  which  together  giving  it  firmness  and  durabihty,  cause  it  to  project  as  a  step 
or  prominence  beyond  the  foot  of  the  chalk  range. 

On  the  west  of  Portland,  the  green-sands  thin  out  so  rapidly,  that  at  Blackdown  a  series  about 
200  feet  thick  is  their  only  representative  ;  and  it  is  difHcult  to  decide  whether  this  be  a  con- 
densed equivalent,  of  the  whole  group  between  the  chalk  and  the  lowest  green-sand, — or,  (which 
seems  to  be  more  probable,)  only  a  continuation  of  the  lower  part  of  the  Upper  green-sand, 
from  the  Vale  of  Wardour.     In  following  the  range  of  these  formations  towards  the  north-east, 
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a  similar  reduction  of  the  green-sands  is  observable,  as  the  section  at  Hunstanton  remarkably 
proves ;  but  the  diminution  is  by  no  means  uniform  throughout  the  intermediate  space.  Along 
the  coast  of  Devonshire,  the  beds  at  the  bottom  of  the  upper  sand  seem  to  adopt  the  characters 
which  the  Lower  green-sand  exhibits  in  other  places ;  and  the  latter,  as  well  as  the  usually  inter- 
vening gault  seems  to  be  wanting.  In  the  Vale  of  Wardour  also,  where  the  Lower  sand  is 
scarcely  apparent,  the  Upper  green-sand  exhibits  many  of  its  characters ;  but  the  Gault  is  very 
distinct  between  them. 

The  GauU  is  seen  in  the  greatest  perfection  on  the  coast  at  Folkstone,  where  its  fossils  are 
especially  beautiful  and  numerous.  It  seems  to  be  thinner  and  to  contain  few  fossils  in  the 
Isle  of  Wight,  and  is  almost  wholly  wanting  on  the  west  of  Purbeck.  But  in  the  interior — in 
the  Vale  of  Wardour,  and  thence  northward  to  the  sea  at  Hunstanton, — this  stratum  everywhere 
appears,  and  contains  throughout  many  of  the  same  fossils,  though  it  changes  its  character  and 
is  much  reduced  in  bulk  in  Norfolk. 

The  almost  constant  presence  of  this  distinct  band  of  clay  between  the  chalk  and  Lower  green- 
sand,  considering  its  small  relative  thickness,  is  a  remarkable  fact :  and  its  retention,  both  in  En- 
gland and  on  the  Continent,  of  the  same  mineralogical  characters  and  fossils,  renders  the  Gault 
a  very  important  member  of  the  series.  I  have  seen  it  in  its  proper  place,  and  in  the  form  of 
bluish  clay,  all  around  the  Lower  Boulonnois ;  in  the  vicinity  of  Aix-la-Chapelle ;  and  in  the 
country  between  that  place  and  Liege. 

The  Lower  green^sand  thins  out  remarkably  towards  the  west,  from  the  central  tract  just  men- 
tioned, (p.  321-2.).  The  traces  of  it  in  the  Vale  of  Wardour  are  obscure,  but  they  become  gra- 
dually more  distinct  towards  the  north.  The  subdivisions  of  the  Kentish  coast,  detailed  in  (16.) 
to  (35.)  and  in  Sussex  (72.),  deserve  comparison  with  the  more  expanded  equivalents  of  this 
formation  in  other  countries.  Their  existence  in  the  Isle  of  Wight  is  almost  certain ;  and  they 
will  probably  be  found  in  Bedfordshire :  but  thence,  north-eastward,  the  sands  again  become 
thinner,  though  they  still  preserve  their  relative  place. 

The  Wealden. — lliis  group,  also,  is  best  developed  near  the  central  tract  already  pointed  out. 
The  Weald-clay  is  seen  in  the  greatest  perfection  in  the  Isle  of  Wight ;  and  the  Hastings-sand  in 
the  Forest  ridge  of  Kent  and  Sussex,  &c.  But  the  Purbeck  strata  are  fully  expanded  only  in  the 
Isle  of  Purbeck,  and  on  the  adjacent  coast  of  Dorsetshire.  No  traces  of  any  member  of  this 
group  have  been  found  west  of  the  Isle  of  Portland ;  nor  eastward  of  that  island,  near  the  coast, 
except  in  the  vicinity  of  Battle  in  Sussex.  In  the  Vale  of  Wardour,  the  Weald-clay  and 
Hastings-sands  are  reduced  almost  to  nothing ;  and  they  have  not  yet  been  found  along  the  line  of 
the  green-sands  between  that  place  and  the  neighbourhood  of  Oxford*.  Thence,  to  Quainton 
and  Whitchurch  in  Buckinghamshire,  the  representatives  of  the  Purbeck  strata,  though  perfectly 
distinct,  are  but  a  few  feet  in  thickness,  and  belong  to  the  lowest  beds  of  the  formation.  Other 
indications  of  the  Wealden  may  be  looked  for,  north  of  Whitchurch,  in  the  detached  portions  of 
aand  represented  in  Mr.  Smith's  maps  of  Buckinghamshire  and  Bedfordshire :  and  the  speci- 
mens of  Lonchopteris  said  to  occur  at  Wansford  on  the  north-east  of  Northamptonshire,  (if  they 
be  really  found  in  i%iu\  would  prove  that  the  Hastings-sands  exist  at  that  place. 


*  The  subdivisions  of  the  Wealden,  especially  at  the  upper  part,  being  in  some  measure 
arbitrary,  it  is  often  difficult  to  determine  which  of  the  three  groups  any  given  portion  of 
unconnected  strata  ought  to  be  referred  to.  The  same  fossils  pervade  the  whole ;  and  beds 
of  sand,  clay,  and  stone,  almost  identical  may  be  produced  from  all  parts  of  the  series ;  so  that 
collective  evidence  alone  can  be  resorted  to  for  the  purpose  of  distinction. 
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The  places  beyond  the  limits  of  the  tract  described  in  the  preceding  pages,  in  which  the 
existence  of  the  Wealden  has  been  ascertained,  or  rendered  probable,  are  mentioned  hereafter, 
(168.)  p.  326. 

The  sudden  change  from  the  marine  fossils  of  the  Lower  green-sand  to  the  freshwater  pro* 
ductions  of  the  Wealden  is  remarkably  exhibited  at  Atherfield  in  the  Isle  of  Wight  (100.)  p.l96 ; 
where  the  former  stratum  oontains  nearly  thirty  species,  of  about  twenty  genera ;  while  the  Weald* 
clay,  not  more  than  ten  feet  vertically  beneath,  contains  scarcely  any  other  shells  than  Cypris, 
Cyclas,  and  Paludina^  The  contrast,  in  descending  from  the  Wealden  group,  is  equally  striking 
ffffid  abrupt  ;--the  Purbeek  stratn  near  their  junction  with  the  Portland  affording  scarcely  any 
foMtl  but  Cypris,  while  the  *'  Roche"  at  the  top  of  the  Portland  group,  within  a  few  inches  of  the 
frrfih water  limestone,  is  full  of  marine  remains.  (111.)  P*  2^« 

The  Wealden  strata,  though  diflering  so  widely  as  to  dieir  fossils,  appear  to  be  conformable  to 
ihnne  of  the  aiyoining  formations,  both  bdow  them  and  above.  On  the  Dorsetshire  coast,  in 
(Ik*  Vale  of  Wardour,  and  in  Buckingbamshire,  the  Purbeek  beds  correspond  exactly  in  dip  and 
diri>ction  to  the  Portland  stone  beneath;  and  at  Hythe  in  Kent,  and  in  the  Isle  of  Wight,  the 
lowetit  beds  of  the  green*sand  are  perfectly  continuous  with  the  upper  beds  of  the  Weald-day, 
(^H4)  p,  ]  80.  The  only  place  with  which  I  am  yet  acquainted,  where  a  want  of  conformity  is  in- 
Htcfited  between  these  formations,  is  at  Stopham  in  West  Sussex,  adverted  to  in  (74.)  p.  156. 
t'itt  thf*  eroded  cavities,  filled  with  what  seem  to  be  green-sand  and  Fuller's  earth,  in  the  uppa 
p^fi  of  many  of  the  quarries  in  Oxfordshire  and  Buckinghamshire,  (of  which  those  at  Great 
t  iHT^Ufy  and  Utnton  are  good  examples,)  indicate  an  interval  and  some  intervening  disturbance, 
^tWMm  the  periods  of  their  production.  (114.)  p.  276 ;  and  (151.)  p.  286. 

(IflO.)  Theory  of  the  Wealden, — The  mode  in  which  the  Wealden  is 
dj«po6ed^  in  the  South-east  of  England,  accords  with  the  hypothesis  of  its 
liaving  originated  in  a  lake  of  fresh  water,  or  in  the  estuary  of  a  large  river. 
n  remains  to  be  determined  whether  similar  deposits  are  found  to  occupy 
a  corresponding  situation  in  other  parts  of  the  great  European  basin^  of 
^iiich  England  is  but  a  small  portion. 

The  chalk  and  green-sands  in  England  are  so  frequently  prolonged  be- 
yond the  limits  of  the  beds  below,  concealing  their  outcrop,  that  no  certain 

*  Woodward,  so  long  ago  as  in  1702,  pointed  out  tlie  resemblance  of  the  Wealden  Paludins, 
to  some  recent  freshwater  species':  and  Mr.  Sowerby,  about  1812,  after  mentioning  their  oc- 
currence at  Bethersden  in  Kent,  remarks  that  '*  from  these  different  localities  of  shells,  appa- 
**  rently  of  the  same  genus,  we  must  conclude,  either  that  analogy  is  not  sufficient  to  prove  that 
**  these  fossils  are  of  freshwater  origin ;  or  else  that  there  are  more  freshwater  formations  than 
**  are  generally  supposed*".  Mr.  Webster,  about  the  same  period,  distinctly  mentioned  the 
•existence  of  freshwater  shells  in  the  Purbeek  strata,  and  the  probability  that  a  part  of  that 
loimation  had  been  deposited  from  fresh  water  \  In  1S22,  Mr.  Mantell  reasoned  with  great 
>.ij4acity  upon  the  inferences  derivable  from  the  fossils,  discovered  by  himself  at  Tilgate  Forest*: 
i/ijf  the  geology  of  the  strata  connected  with  that  group  was  then  undetermined;  and  the  diffi- 
'  /liji  H,  I  b<'lievc,  were  not  removed  till  1824. 


"  Mutory  of  Fossils";  quoted  by  Webster, — Letters,  &c.,  pp.  14-2,  192.       '  Min.  Con.  vol.  i. 
r-..  »;»>»,  .'/I.  '  Letters,  &:c.  to  Sir  Harry  Englefield,  pp.  192.  and  237.  ^  Illustrations 

•    ^'./  f/'ff\n^j  of  Sussex,  4to,  1832, 
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inference  can  be  drawn  with  respect  to  the  continuity  beneath  them  of  the 
Wealden  and  Portland  strata.  It  is  not  improbable  that  what  now  appear  to 
be  detached  portions^  may  in  many  cases  be  united ;  but  it  seems  to  be  con- 
sistent with  the  mode  in  which  freshwater  deposits  have  been  formed^  whe* 
ther  in  lakes  or  estuaries^  that  they  should^  in  more  extensive  regions^  occur  in 
detached^  rather  than  continuous  portions;  and  that  the  outlines  of  the  spaces 
which  they  occupy  should  be  irregular.  The  former  existence  of  the  upper 
Wealden  strata  in  the  interior  of  England^  is  rendered  probable  by  the  ero- 
sion of  the  Purbeck  beds  in  many  places  where  the  Lower  green-sand  comes 
into  contact  with  them,  (151.)  p.  286, — which  has  clearly  been  effected  by 
the  action  of  water,  and  proves  that  something  was  carried  away,  before  the 
sand  was  deposited  :  the  argument  from  these  appearances  being  the  same 
as  that  derived  from  the  erosions  on  the  surface  of  tlie  Oxford  oolite  and  of 
the  chalk,  (143.)  p.  274. 

The  great  extent  of  the  surface  occupied  by  water  in  North  America  is  a 
striking  feature  in  every  ordinary  map.  Dr.  Richardson,  in  his  observations  on 
the  geology  of  that  region,  has  remarked  that  a  large  tract  near  the  confines 
of  the  primitive  and  secondary  regions  is  occupied  by  lakes  of  the  most  varied 
outlines  and  dimensions; — in  which  the  deposition  of  shells  and  other  exuviae 
of  organized  beings  has  been  going  on  ever  since  the  surface  of  the  globe 
assumed  its  present  aspect.  If  that  part  of  the  northern  hemisphere  were 
now  to  be  sunk  beneath  the  sea,  we  should  probably  have,  after  a  short 
time,  one  universal  sheet  of  marine  strata,  lodged  upon  the  surface  of  the 
present  land,  so  as  to  conceal  not  only  the  deposits  of  the  several  lakes,  but 
the  intervals  between  them :  and  if  we  could,  then,  examine  the  internal 
structure  of  the  tract,  we  should  find  it  to  be  occupied  by  a  numerous  series 
of  fVealdenSy  detached  from  each  other,  and  bordered,  it  is  more  than  pro- 
bable, by  deposits  analogous  to  those  of  the  dirt-beds  of  Portland,  wherever 
the  fluctuations  of  the  lacustrine  waters  lefl  time  and  space  for  the  growth  of 
plants  upon  their  margin.  The  external  boundaries  of  these  deposits  would 
be  as  various  and  irregular  as  that  of  the  lakes  which  now  diversify  the  map 
of  North  America:  and  we  should  expect,  in  such  cases,  that  the  mineral 
components  in  the  deposits  of  the  lakes,  would  vary  according  to  the  nature 
of  the  surrounding  land.  Their  fossil  contents  would,  probably,  bave  a 
great  general  resemblance  throughout  large  districts ;  but,  in  the  remoter 
tracts  would  differ  as  much  as  the  productions  of  modern  lakes  are  found 
to  vary ; — as  those  of  the  lakes  in  the  North  of  England  differ  from  those 
of  Switzerland,  and  both  from  those  of  the  South  of  France,  &c. ;  or,  as 
in  America,  those  of  Slave-Lake  differ  from  the  productions  of  Lake-Superior 
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or  Lake-Erie.  The  lacustrine  deposits^  again^  would  be  occasionally  diver* 
sified  by  the  presence  of  the  products  of  estuaries^  such  as  those  of  the  St. 
Lawrence  and  of  other  rivers  around  Hudson's  Bay  and  the  north-east  coast 
of  America;  and  in  these  we  should  probably  find^  along  with  the  species  of 
shells  which  usually  inhabit  the  mouths  of  large  rivers  and  the  borders  of  the 
sea^  some  scattered  remains  of  the  products  of  the  adjacent  shores^ — the 
plants  and  animals  of  the  land^  with  some  admixture  of  freshwater  shells. 

(167.)  fVealdeh  in  other  Districts. — The  following  are  the  places  beyond 
the  limits  of  the  tract  described  in  the  preceding  pages^  in  which  the  presence 
of  the  Wealden  strata  has  hitherto  been  ascertained^  or  rendered  probable. 

Scotland. — In  the  Isle  of  Skye  Professor  Sedgwick  and  Mr.  Murchison  discovered,  in  cliffs 
of  blue  shale  associated  with  trap,  on  the  eastern  shore  of  Loch  Stafien,  flattened  masses  of 
limestone,  containing  several  species  of  shells ;  some  of  which  are  identical  with  fossils  which 
I  had  found  in  the  upper  beds  of  the  Weald-clay  at  Swanage  Bay  on  the  Dorsetshire  coast; 
and  all  the  rest  are  freshwater  species  belonging  to  genera  found  in  the  Wealden  of  the  south*. 
The  coincident  species  are  the  following ;  some  of  which  are  figured  in  the  plates  subjoined  to 
these  pages  : — Cyclas  media  (Plate  XXI.  fig.  10.);  Cyclas,  a  larger  species  {C.mcQor^  PL  XXI. 
fig.  13.,  Isle  of  Wight);  Cyclas  ohovatal ;  Neritina  Ftttoni,  Mantell  (PI.  XXI.  fig.  7.);  Ostrea 
distorta,  found  with  Cyclades  in  the  Isle  of  Wight,  (PL  XXII.  fig.  2.)  ;  Paludina  elongaia ;  Isle 
of  Wight  and  Swanage  Bay;  a  transversely  elongated  Bivalve,  (Isle  of  Wight);  an  Utdo,  or 
Anodon. 

There  can  be  little  doubt,  therefore^  as  Mr.  Murchison  has  inferred,  that  this  deposit  was  conr 
temporaneous  with  the  English  Wealden. 

Continent  of  Europe. — The  places  out  of  England,  where  the  equivalents  of  the  Wealden  beds 
have  hitherto  been  found,  are  the  two  following. 

1 .  In  the  Lower  Boulonnois  the  presence  of  the  lower  member  of  the  group,  at  least,  is  certain ; 
the  strata  being  almost  identical  with  some  of  those  upon  the  confines  of  the  Purbeck  and  Port- 
hmd  formations  in  Dorsetshire  and  the  Vale  of  Wardour.  Having  given  an  account  of  that  part  of 
the  French  coast  on  another  occasion  f,  it  will  be  sufficient  to  mention  here,  that  the  line  of  the  cliffs 
from  Equihen  on  the  south  of  Boulogne  to  Cape  Gris-nez  on  the  north  of  that  place,  is  capped  at 
intervals  with  a  thin  crust  of  the  Purbeck  strata,  resting  upon  those  of  Portland,  and  consisting 
of  slaty  beds  of  limestone,  which  contain  freshwater  shells,  and  include  a  bed  of  tough  dark-co- 
loured clay,  in  which  are  numerous  fragments  of  silicified  coniferous  trunks  not  distinguishable 
from  those  of  the  Isle  of  Portland.  It  is  highly  probable  that  a  more  exact  examination  of  this 
part  of  the  series,  in  the  cliffs  near  Boulogne,  may  lead  to  the  detection  of  these  trunks  in  the 
upright  position ;  and  of  the  Cycadeae  by  which  they  are  accompanied  on  the  Dorsetshire  coast. 

2.  The  Pays  de  Bray,  near  Beauvais,  is  a  narrow  tract  on  the  line  from  Dieppe  to  Beauvais, 
extending  in  length,  from  the  north-west  of  Neufchatel  to  the  south  of  the  latter  city,  a  distance 
of  about  thirtyEnglish  miles,  and  in  breadth,  at  the  widest  part  near  the  middle,  about  eight  English 
miles.  (See  the  annexed  Map,  Plate  IX.)     It  is  an  opening,  or  valley  of  elevation,  in  the  chalk, 


*  **  Supplementary  Remarks",  &c.,  (1827,)  Geol.  Trans.,  2nd  Series,  vol.  ii.  pp.  352  and  36G. 
t  In  a  paper  including  some  account  of  the  Lower  Boulonnis:    See  the  abstract;    Geol.  Soc. 
Proceedings,  Dec.  182G,  vol.  i.  p.  9. 
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within  which  a  very  sh'ght  elevation  of  the  central  tract  has  hrought  into  view  the  subjacent 
strata,  as  far  down  as  those  which  immediately  precede  the  representative  of  our  Oxford  oolite, 
with  perhaps  the  mountain  limestone  beneath.  I  have  not  myself  examined  this  interesting  district ; 
and  the  only  publications  relating  to  it  that  I  have  seen,  are  the  report  of  the  proceedings  of  the 
Geological  Society  of  Paris  during  their  excuision  to  Beauvais  in  1831  *,  and  the  splendid  work 
of  M.  Passy  on  the  Geology  of  the  Department  of  the  Lower  Seine  f  : — but  from  the  notes  and 
sectional  sketch  of  M.  Cordier  in  the  former  of  these  works,  and  the  full  descriptions  of  M.  Passy, 
there  can  be  no  doubt  that  the  strata  in  the  Pays  de  Bray  are  the  same  with  the  upper  part  of  the 
series  in  the  Lower  Boulonnois. 

The  following  is  the  order  of  the  strata  in  the  Pays  de  Bray,  with  what  appear  to  me  to  be 
their  equivalents  in  England ;  my  list  of  equivalents,  I  am  glad  to  find,  coinciding  very  nearly 
with  that  of  M.  Passy  himself t. 

1.  La  Crate. — (Chalk). 

2.  Glauconie  sableuse  de  la  craie, — (Upper  Geeen-sand), 
Fossils  said  to  be  the  same  as  of  the  Lower  Chalk. 

3.  Mame  micacSe  et  Mame  hleue. — (Gault). 

Divisible,  (at  Ferte  en  Bray)  into  two  portions : — 1.  Brown  and  micaceous.  2.  Blue.  At  Meulin 
the  blue  marl  is  about  50  feet  thick ;  it  abounds  in  iridescent  fossils,  among  which  are,  Ammonites 
splendefw;  Hamites  intermedUus;  Inoceramus  iulcaius;  Nucula  pectinaia. 

4.  Ores,  et  sable,  Glauco-ferruginetuc. — (Lower  Green-sand). 

At  Cap  la  Hdve  are  two  beds  of  sand  and  ferruginous  conglomerate,  separated  by  a  micaceous 
and  glauconious  marl.  Quts.  the  three  subdivisions  of  Folkstone  ?  ?•  At  Forges  and  Neufchatel 
the  ferruginous  sand  is  70  feet  thick :  it  occurs  above  the  Argile  bigaree,  mentioned  hereafter, 
and  contains,  among  other  fossils,  Gryphcea  sinuata.  At  Les  Friches  de  St.  Germain  is  iron  ore 
in  grains,  including  small  portions  of  ochreous  hydrate  of  iron,  with  marine  shells. 

5.  Argile  bigarie  (Glaise  MarbrL) — Variegated  marl  clay,  and,  sand, — (of  the  Wealden  ; 

— or  Beds  subordinate  to  the  Lower  Green-sand.) 
This  deposit,  which,  according  to  M.  Passy,  is  found  everywhere  in  the  Valley  of  the  Pays  de 
Bray,  seems  from  the  description  to  be  very  like  the  variegated  sandy  clay  of  the  Wealden ;  but 
at  St.  Paul,  near  Beauvais,  it  is  said  to  contain  marine  shells,  the  species  of  which,  however,  are 
not  mentioned.  Its  place  is  commonly  below  the  first  stage  of  ferruginous  sand  and  grit,  and  above 
the  Argile  d  foagh'es ;  a  situation  corresponding  to  the  place  of  some  of  the  Wealden  marls. 

6.  Argile  a  creusets ;  Argile  de  Forges ;  Argile  a /ou^fre*.— (Weald-clay). 

This  clay  in  one  place,  at  Neufchatel,  is  extracted  by  means  of  a  shaft  70  French  feet  in  depth, 
and  occurs  beneath  sand  of  different  shades,  belonging  to  the  Glauco-ferruginous  beds,No.  4.  above. 

At  St.  Germaine  la  Poterie,  a  bed  of  slaty  clay  (lignite)  is  found,  containing  impressions  of 
Lonchopteris  Afantellii,  and  from  one  to  two  metres  thick  §:  and  among  the  beds  found  by  M. 
Graves  near  Songeons,  is  one,  described  as  **  Marbre  d'eau  douce  a  Paludines,"  and  referred  by  him 
to  the  Purbeck  strata ||. 

There  can  be  little  doubt,  therefore,  that  some  equivalent  of  the  Wealden  beds  exists  in  this 
tract ;  but  M.  Passy  appears  to  me  to  be  in  error  when  he  is  led,  (no  doubt  by  the  indistinctness 
with  which  the  strata  are  developed  and  exposed  in  the  Pays  de  Bray),  to  regard  the  Wealden 

*  Bulletin  de  la  SocidtS  GSologique  de  France,  1831,  p.  1.  to  23. 

t  Description  GSologique  du  Departement  de  la  Seine  InfSrieure,  4to,  Rouen,  1832. 

X  Passy,  p.  237  to  272 ;— and  Plates  L  IL  IIL  IX.  and  XVII.  fig.  1. 

§  Passy,  p.  255.  ||  Ibid.,  p.  257. 
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geDenSkjf  in  Eogland,  as  no  more  than  in  a  particular  and  sulxirdinate  bed  of  the  Glaiieo-lemi* 
ginous  tands*. 

7.  Gres  glauamnieux ;  Gres  veri. — (Portland-stoke  and  Sand.) 

These  terms  are  applied  to  green-sand  passing  into  grit,  which  again  passes  into  a  eakmrt 
giaueonmieux.  Both  the  grit  and  limestone  are  full  of  green  particles  :  they  alternate  with  beds  of 
sand,  and  are  generally  quarried  throughout  the  Pays  de  Bray :  and  the  gres  calcaire  is  stated  to  be 
identical  with  that  observed  by  M.  Rozet,  at  Mont  Lambert  in  the  Boulonnois.  Among  the  Ibisils 
are  Ammonites ;  Crassatella ;  Cucullaea ;  Ostrea ;  Serpula  ;  Trigonia ;  and  teeth  of  the  Diodon. 

M.  Passy  justly  expresses  doubt  whether  this  grit  has  hitherto  been  recognised  in  England. 
I  believe  it  to  belong  to  what  I  have  proposed  to  call  the  Portland-sand ;  the  characters  and 
relations  of  which,  though  long  since  generally  intimated  by  Mr.  Conybeare,  have  not  hitherto  been 
fully  understood  in  England :  and,  from  my  own  observation,  I  have  no  doubt  that  some  of  the 
concretional  masses  of  the  Boulonnois  belong  to  this  part  of  our  series.  It  will  be  observed,  on 
comparing  M.  Passy's  sections  with  those  in  the  interior  of  England,  that  the  lower  greemsk 
grit  (Portland- sand)  of  M.  Passy t*  is  not  conformable  to  the  beds  above; — a  fact  analogous  to 
the  existence  of  chasms  and  ''gullies",  in  the  Lower  Purbeck,  and  upper  part  of  the  Portland 
strata,  in  Oxfordshire  and  Bucks:—supra (111.), p.  218  ;  (141.), p.  265;  (144.),  p.  276,  (151.). 

8.  Calcaire  glaucanmeux ; — a  limestone  composed  of  fragmenU  of  shells,  united  by  sparry 
carbonate  of  lime,  containing  green  particles,  rolled  grains  of  quartz,  and  flints  of  different  hoes. 
The  fossils  include  Ostrea  gregarea^  and  other  indistinct  species ;  Trigonia ;  and  Crassaielia.  The 
limestone  in  this  group  alternates  with  grit,  and  includes  a  bed  of  green  or  bluish  marl.  The 
whole  belongs  to  the  group  between  the  Pordand-sand  and  the  Oxford-oolite  in  the  Lower  Boa- 
lonnois  and  is  represented  in  England  by  part  of  the  series  on  the  coast  near  Weymouth. 

9.  Mame  et  calcaire  mameux ; — a  Gryphcea  rirgula ;   Calcaire  lumachelle. 

The  strata  of  this  group  are  described  as  occurring  unconformably — (**  etendues  en  couches  dis- 
cordantes"),  beneath  the  ferruginous  sands :  a  statement  which  accords  with  the  relations  of  the 
group  to  the  Upper  green-sand, — but  not  to  the  sands  of  Portland.  The  formation  is  characterised 
by  Gryphcea  Virgula,  and  some  of  the  beds  contain  Ostrea  delioidea.  On  the  coast,  from  Havre 
towards  Henqueville,  it  occupies  a  thickness  of  30  metres  (about  100  English  feet),  between  the 
chalk  and  the  oolite  j; ;  and  it  seems  to  be  the  equivalent  of  the  series  of  shale,  limestone,  and  cal- 
ciferous  grit  abounding  in  petrifactions,  which  connects  the  Kinmieridge-ciay  with  the  Oxford 
oolite,  on  the  coast  of  the  Boulonnois,  and  of  Dorsetshire. 

10.  The  lowest  strata  of  the  Pays  de  Bray  **  consist  of  blackish  compact  limestone,  like  that  of 
**  Marquise  in  the  Lower  Boulonnois ; — the  carboniferous  limestone  of  England :  "  and  these  suc- 
ceed immediately  to  the  group  last  mentioned.  If  this  be  so,  the  oolitic  series,  from  the  Oxford 
oolite  to  the  bottom  of  the  lias,  is  wanting;  together  with  new  red  sandstone  and  the  coal  forma- 
tion : — another  point  of  resemblance  to  the  Lower  Boulonnois. 

(168.)  Marine  deposits  coeval  icith  the  Wealden. — It  is  obvious  that,  during 
a  period  of  time  sufficient  for  the  accumulation  of  the  Wealden,  the  deposition 
of  matter  in  the  adjacent  seas  could  not  have  been  inconsiderable  ;  so  that  we 
might  expect  to  find,  interposed  between  tlie  strata  which  then  formed  the 

*  "  . .  .  .que  Targile  Vcldienne  qui  conticnt  les  coquillcs  d'eau  douce,  n'est  qu'une  couche 
**  particuliere  de  terrains  glauco-ferrugineux  d'Angleterre." — p.  2.5G. 

f  Passy,  p.  272  ;  and  Plates  I.  and  II.  \  Ibid.,  p.  262,  ZQ5, 
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bottom  of  the  sea^  and  the  Lower  green-sand^  a  series  of  beds  coeval  with 
the  Wealden  in  point  of  date^  but  differing  from  it  in  possessing  the  charac- 
ters of  a  marine  deposit^  and  including  marine  shells  and  other  productions  of 
salt  water; — with  which^  near  the  shore,  the  productions  of  the  land,  or  even 
the  freshwater  shells  of  the  rivers,  might  be  occasionaly  intermixed.  And  if 
the  Portland  strata  constituted  at  that  epoch,  both  the  dry  land,  and  the 
bottom  of  the  sea,  and  were  afterwards  submerged,  we  ought  now  to  find  the 
Lower  greensand,  in  some  places  immediately  in  contact  with  the  Portland, — 
in  others  with  the  Wealden, — and  in  others  again  with  the  marine  equivalent 
of  this  latter  group. 

Two  results  would  probably  attend  the  state  of  things  here  supposed,  which 
are  deserving  of  notice  :  1st,  That  the  Wealden  and  its  marine  equivalent 
could  not  both  be  found  in  the  same  place ;  and  consequently,  (since  we  have 
the  former  in  England),  that  the  marine  beds  of  that  date  are  not  to  be 
expected  generally  in  this  country  :  2ndly,  That  the  marine  fossils  of  the 
beds  cotemporaneous  with  the  Wealden  would  probably  be  distinct,  both 
from  those  of  the  Portland  group  beneath,  and  of  the  Green-sands  above 
them ;  a  consideration  which  gives  peculiar  interest  to  the  fossils  of  this  in- 
termediate group. 

The  strata  between  the  chalk  and  the  oolitic  system  on  the  continent  of 
Europe  have  not  yet  been  sufficiently  examined,  to  furnish  all  the  evidence 
that  may  be  expected  upon  this  subject ;  but  indications  of  such  an  equivalent 
to  our  Wealden  as  has  been  mentioned,  have  been  already  found  in  so  many 
detached  points,  that  its  occurrence  in  other  places,  or  even  the  existence 
of  a  continuous  marine  deposit  of  that  age,  is  by  no  means  improbable. 
Mr.  De  la  Beche*  has  brought  together  evidence  which  shows  that  such  a 
group  exists  in  the  department  of  the  Haute  Sadne,  in  France ;  at  Candern,  in 
the  Brisgau  ;  near  Aarau ;  in  Poland  ;  and  on  the  confines  of  Silesia.  To  these 
may  be  added  the  Isle  of  Bornholm  in  the  Baltic,  and  the  vicinity  of  Helsing- 
burg,  in  Scania,  which  have  afforded  specimens  of  fossil  plants  resembling  those 
of  our  Wealden,  along  with  marine  shells ;  but  at  Bornholm,  although  the 
shells  are  also  marine,  they  are  generally  such  as  may  be  supposed  to  have 
Inhabited,  either  the  estuary  of  a  large  river,  or  the  seas  immediately  ad- 
jacent to  the  coast. 

In  most  of  the  cases  mentioned  by  Mr>  De  la  Beche,  a  group  of  strata  between  the  chalk  and  the 
oolitic  system  is  found  to  contain  pisiform  iron  ore ;  but  the  fossils  which  accompany  that  mineral 
are  marine.  A  very  extensive  deposit  of  this  kind  in  Poland  and  Silesia  ts^^escribed  by  Professor 
Puschy  which  includes  also  argillaceous  iron  ore ;  and  among  its  fossils  are  the  genera  Ammonites, 

*  Geological  Manual,  (lSdd.)»  p«  309. 
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Cardium,  Venus,  Trigonia,  Sanguinolaria.  The  pisirorm  ore  of  the  Haute  SaAne  appears  from  the 
staiementB  of  M,  Thirria  to  be  above  the  Pottlaod  strata  ;  but  ita  relations  to  rhe  superior  fonna- 
tiona  are  less  distinct.  It  contains  Amcnonites,  Hamites,  Nerinea,  Cirrus,  Tercbratula,  and 
Pentactinites,  with  teeth  of  lishes  and  of  Saurians  :  and  it  is  observable  that  the  uppermost  stratum 
in  the  group  supposed  by  M.  Thirria  to  represent  the  Portland  stone,  is  "  a  compact  conchoidal 
"  limestone,  a  tittle  tubercidar,  which  contains  a  species  of  Paludina?  near  to  Vivipara  fluviorum 
"  of  Sowerby ; " — a  descriptioD  which  might  very  well  be  applied  to  gome  of  our  Purbeck 
strata. 

M.  Walchner  has  ascertained  that  the  pisiform  and  reniform  iron  ores  of  Candern,  belong  to 
two  distinct  formations,  of  very  different  date.  The  loner  rests  upon  beds  of  "Jura  limestone", 
which  he  refers  to  the  CoraUrag  or  Port!  and -stone,  and  which  are  decidedly  below  the  molasse  of 
Switzerland.  The  second  and  more  recent  pisolitic  deposit  occupies  eroded  cavities  on  the  sur- 
face of  several  different  formations;  it  consists  of  transported  matter  cotitaining  fossil  bones,  and 
is  not  covered  by  any  solid  strata.  M.  Merian  is  cited  by  M.  Walchner  in  support  of  this  view  of 
the  relstiona  of  these  deposits ;  but  in  the  description  given  by  the  former,  of  the  strata  which  im< 
mediately  cover  the  pisiform  ore  of  Aarau,  there  are  features  very  like  those  of  our  Wealdeii 
itself:  for  they  are  mentioned  as  consisting  of  "  grit  and  bituminous  schist  passing  into  lignite,  and 
"  containing  a  great  number  of  petrifactions,  among  which,  though  commonly  indistinct,  are  a 
"Planorbis,  and  otlier  freshwater  shells," 

The  doubt  which  obviously  presents  itself  with  respect  to  the  evidence  above  mentioned,  i». 
whether  a  formation  thus  contiguous  to  the  green-sands,  and  an  very  nearly  coeval  with  them,  may 
not  really  be  a  part  of  that  formation  itself;  the  presence  of  some  fossils  distinct  from  ours,  not 
being  sufficient  to  prohibit  this  identification.  But  the  peculiar  character  and  abundance  of  the 
iron  ore,  are  important  circumstances  of  difference. 

The  evidence  respecting  Bornholm  occurs  in  a  paper  read  before  the  Geological  Society  by 
Dr.  Beck  of  Copenhagen  *,  who  states  that  the  beds  below  the  cretaceous  group  in  that  island, 
exhibit  many  of  the  characters  of  a  coal  formation,  containing  coal  and  numerous  impressions  of 
ferns,  among  which  are  several  of  the  genua  Pecopieris;  and  with  these  was  found  the  seed 
vesMl  of  a  Reatiacea,  conaidered  by  Dr.  Beck  aa  identical  with  one  frora  the  Haatiaga-sand  at 
Heathfield  in  Sussex,  which  he  himself  had  teen  in  Mr.  Mantell's  collection.  The  eusUnce 
in  the  vicinity  of  Hoer,  of  fossil  plants  analngmu  to  those  of  the  Wealden,  but  probably  be* 
longing  to  the  oolitic  series,  bad  been  previously  pointed  out  by  Mr.  Adolphe  Brongniajtf  :  bvl 
from  what  has  been  very  recently  mentioned  to  me  by  Professor  Nilsson  of  Lund,  after  be 
had  examined  some  of  our  best  collec^ons  of  the  Wealden  fossils,  it  is  probable  that  a  deposit 
contemporaneous  with  that  formation  may  be  found  at  Helaingburg  in  Scania,  between  the  chalk 
and  green-sands  which  occur  near  the  coast  of  ttie  Baltic,  and  the  Lias,  known  to  exist  on  tbr 
north-west  of  that  place 

The  observations  of  M.  Boblaye  in  the  north |,  of  M.  Desnoyers^  in  the  north-west,  and  of 
M.Dufresnoylli  in  the  south-west  of  France ;  with  those  of  M.  Elie  de  Beaumont,  on  the  boundary 
of  the  Paris  and  London  Basina^  ;  of  Mr.  De  la  Beche  "*,  M.  de  Caumontff ,  M.  Desnoyers  ||, 

•  "Proceedings"  {1835-6)  vol.  ii.  p.  217.  t  Annates  des  Scieiicei  NaturelUt,  1825. 

+  Ibid.,  1820,  t.  Kvii.  p.  35.  §  Ibid.,  1825,  t.  iv.p.  353.  ||  Ibid.,  1829,  t.  xvii.  p.  192 

»f  Ibid.,1829,  t.xvii.p.354.  •"  Geol.  Trans.  3nd  Series,  vol.  i.  p.  13. 

-H  MSm.  de  la  Soc.  Linn,  du  Cahadot,  t.  i.  1824,  p.  49  et  67  ;  t.  ii.  1825.  p.  447,  8;c. 
;i    Mfm.de  la  Soc.  d'Hiii.  Nat.  departs,  t.  ii.  1825. 
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M.  Constant  Prevost^t  and  M.  Passy  f,  on  the  coast  of  Normandy  and  the  adjacent  district ; 
and  more  recently  of  M.  Thirria,  in  the  department  of  the  Haute  Sadne:^,  have  shown  that  many 
of  the  beds  between  the  chalk  and  the  oolitic  system  in  the  different  provinces  of  France,  agree 
with  each  other,  and  with  those  of  England,  perhaps  as  nearly  as  the  more  distant  portions  of  the 
same  formations  are  found  to  do  in  our  country:  the  Portland  strata,  which  form  the  lower 
boundary  of  the  Wealden,  occurring  at  several  detached  points  along  their  course  ;  while  above 
them,  the  chalk  afibrds  a  limit  which  cannot  be  mistaken.  It  may  deserve  the  inquiry,  there- 
fore, of  resident  geologists,  whether  traces  at  least,  of  all  the  intermediate  groups  between  the 
Portland  and  the  chalk  may  not  be  detected  generally  along  the  line  of  conneuon ;  and  I  am  not 
without  hope  that  the  task  of  comparative  examination  may  be  assisted  by  the  preceding  pages. 

Among  the  points  deserving  of  notice  by  those  who  examine  the  beds  below  the  chalk  in  dis- 
tricts imperfectly  known,  I  would  mention  especially  the  characters  of  the  Portland  Sand ; — from 
the  facility  with  which  that  formation  may  be  confounded  with  other  sands,  likewise  charged  with 
green  particles.  I  have  reason  to  believe  that  a  neglect  of  the  distinctions  between  these  dif- 
ferent sands,  and  a  consequent  ignorance  of  the  distance  by  which  they  are  separated  in  the  series 
of  strata,  has  produced  difHculty,  and  led  to  much  confusion  in  the  arrangement  of  the  groups  be- 
tween the  chalk  and  the  oolitic  system. 

(169.)  Beds  below  the  Wealden. — The  groups  next  below  the  Wealden, 
in  the  tracts  described  in  the  preceding  pages^  are  connected  by  several  cha- 
racters; the  Portland  sand  forms  a  transition  to  the  Kimmeridge  clay; 
and  the  latter,  at  its  lower  part  becomes  charged  with  sand  and  calcareous 
matter^  and  passes  insensibly  into  the  Oxford  oolite.  The  fossils^  also^  of 
these  associated  groups  are  very  much  allied,  and  there  is  no  reason  to  suppose 
that  the  deposition  of  this  part  of  the  series  was  interrupted  by  any  important 
change  of  circumstances. 

Portland  strata, — The  space  occupied  by  the  Portland  strata,  so  far  as  they  have  yet  been  dis- 
covered in  England,  is  bounded  on  the  west  by  a  line  passing  from  Portland  to  the  outcrop  of  the 
Portland  stone  in  the  Vale  of  Wardour,  and  thence  towards  Swindon.  On  the  east  of  that  line 
the  Purbeck  and  Portland  formations  are  visible  only  in  the  remaining  portions  of  the  once- 
continuous  sheet,  which  seems  originally  to  have  invested  a  great  part  of  Oxfordshire  and  Buck- 
inghamshire. Whether  the  Portland  beds  exist,  or  ever  have  existed,  under  the  sands  of  the 
Isle  of  Wight,  Sussex,  and  Kent,  it  is  now  impossible  to  say ;  though  it  is  probable  that  they 
did  so,  from  their  occurrence  on  the  opposite  coast  of  France,  and  their  thickness  in  that 
quarter. 

The  peculiar  circumstance  relating  to  the  junction  of  this  formation  with  the  Purbeck  beds,  is 
the  distinct  character  of  superficial  soil,  which  the  bed  in  which  the  trees  and  Cycadeee  are  found, 
exhibits  in  the  Isle  of  Portland.  Trees  and  plants  have  occurred  in  the  upright  position  in 
many  other  places,  and  in  other  parts  of  the  series  of  strata ;  but  the  soil  in  those  cases  had  lost 
its  recent  character,  and  been  in  a  great  measure  assimilated  to  the  surrounding  matter.  Some 
other  thin  beds  alternating  with  the  lowest  strata  of  the  Purbeck  limestone,  have  likewise  more 

•  M^.  de  la  Soc.  d'Hut.  Nat.  de  Paris,  t.  ii.  1825.  p.  389. 

t  Sur  le  Dipartement,  ^c.  4to,  Paris,  1833. 

i  M4m.  de  la  Soc.  d*Hist.  Nat.  de  Strasbourg,  1830,  t.  i. 
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or  less  of  the  character  of  a  mechanical  agglomerate  ;  but  none  of  them  approach  to  the  g^vei- 
like  texture  and  composition  of  the  **  Black-dirt "  of  Portland  and  the  adjacent  coast. 

The  small  extent  which  the  Portland  strata  occupy  with  reference  to  the  Kimroeridge  day,  is 
a  remarkable*  fact ;  showing  either  that  the  former,  like  the  Coral* rag,  was  originally  deposited  in 
detached  portions  ;^-or  that  the  portions  of  the  Portland  group  that  we  now  see,  are  only  the  re- 
maining and  eroded  borders  of  one  continuous  coating  originally  lodged  upon  the  clay. 

It  is  remarkable,  also,  that  the  Wealden  has  not  yet  been  found  beyond  the  limits  of  the  Port- 
land group ;  never  reposing,  as  the  green-sands  are  frequently  seen  to  do,  on  any  of  the 
formations  beneath  the  Portland  stone :  but  before  this  exclusion  be  adopted,  it  will  be  necessary 
to  examine  more  completely  the  counties  on  the  north  of  Buckinghamshire.  Reciprocally,  in  ail 
the  places  where  the  Portland  beds  have  hitherto  been  found,  one  or  more  members  of  the 
Wealden  group  are  connected  with  it.  It  is  possible,  therefore,  that  the  Portland  strata  formed  the 
only  land,  at  the  period  when  the  freshwater  beds  of  the  Wealden  group  began  to  be  deposited. 

The  Kimmeridge  clay  thus  more  widely  diffused  than  the  Portland  and  the  Wealden,  forms 
the  continuation  upwards,  of  a  long  series  of  alternate  strata  of  oolitic  limestones,  8and»  and 
clay.  The  extent,  thickness,  and  development,  of  this  formation,  vary  much  in  different  placet, 
the  upper  beds  alone  being  visible  at  the  point  from  whence  the  name  has  been  derived.  The 
relations  of  the  groups  are  fully  seen  on  the  coast  near  Weymouth,  and  still  more  completely  on 
the  shore  of  the  Boulonnois,  and  near  Scarborough :  but,  although  the  clay  extends,  without 
interruption,  from  Dorsetshire  to  Norfolk,  it  is  seldom  seen  to  advantage  in  the  interior  of  En- 
gland. Near  Oxford,  the  lower  members,  which  form  the  transition  from  the  bituminous  clays 
of  Kimmeridge  to  the  Oxford  oolite,  are  evidently  wanting ;  and  the  surface  of  the  calcareoni 
reestone  beneath  the  clay,  is  deeply  worn  and  eroded. 

(170.)  Composition  of  Strata. — Among  the  circumstances  reJating  to  the 
composition  of  the  strata  above  mentioned,  below  the  chalk  in  the  South-East 
of  England,  the  following  are  deserving  of  attention. 

1.  Proofs  of  the  formation  of  stone,  in  the  midst  of  strata  of  gravel,  sand,  and  clay,  distinctly  of 
mechanical  origin.  This  fact,  which  is  of  universal  occurrence  throughout  the  series  of  secondary 
strata,  is  especially  remarkable  in  the  Lower  green  and  the  Hastings  sands  of  Kent  and  Sussex : 
sex  :  the  former  containing  masses  of  siliceous  grit,  chert,  and  chalcedony,  and  concretions  of 
chert,  evidently  formed  subsequently  to  the  division  of  the  beds  which  inclose  them,  yet  traversed 
by  the  same  lines  of  false  stratification  which  pervade  the  looser  matter  : — (22.)  and  (23.) 

2.  The  change,  in  the  fossil  trees  of  Portland,  of  the  original  woody  substance  into  silex ;  and 
the  contrast  of  their  composition  with  that  of  the  surrounding  matter  in  the  *'  Dirt-bed",  in  which 
fragments  of  soft  limestone  are  abundant ;  the  strata,  both  above  and  below,  likewise,  consisting 
principally  of  carbonate  of  lime.  In  the  Lower  green-sand  also,  at  Woburn,  the  petrifying 
petrifying  matter  of  the  coniferous  wood  is  silex*. 

3.  The  shells  preserved  in  the  green-sands  of  Kent,  consist  of  carbonate  of  lime  ;  but  in  the 
sands  of  Blackdown,  though  shells  occur  in  still  greater  numbers,  the  calcareous  matter  has  almost 
entirely  disappeared,  and  with  very  few  exceptions  has  been  replaced  by  chalcedony ;  and  the 
surrounding  sand,  instead  of  effervescing  with  acids,  imbibes  them  tranquilly. 


*  The  fact  remarked  by  Mr.  Brown,  that  all  the  fossil  wood  hitherto  discovered  in  the  strata 
mentioned  in  these  pages,  is  either  monocotyledonous,  coniferous,  or  cycadcous,  has  been 
already  adverted  to  :  (112.)  p.  225. 
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4.  The  oceorreOM  of  oolite  containing  freshwater  shells,  near  the  bottom  of  the  Purbeck  strata 
at  Combe  Wood  (144.),  p.  275-6,  is  another  fact  deserving  of  notice,  and  may  perhaps  explain 
some  doubtful  appearances  in  the  uppermost  bed  of  the  Portland  Series  (the  Roche) ;  which, 
although  full  of  marine  petrifactions,  and  commonly  oolitic,  has  very  much  the  aspect  of  fresh- 
water limestone.  It  can  easily  be  imagined  that  the  bank,  or  land,  consisting  of  the  Portland 
strata,  when  first  raised  above  the  sea,  was  covered  with  marine  remains,  which  might  subse* 
quently  have  been  cemented  together,  at  the  bottom  of  a  freshwater  lake. 

5.  The  existence  of  pisolitic  (or  granular)  oxide  of  iron,  in  the  Wealden,  is  probably  not  con- 
fined to  the  coast  near  Hastings,  where  I  found  it  to  be  generally  diffused ;  p.  166.  The  fact  of  its 
occurrence  in  tliis  formation  is  the  more  deserving  of  notice,  from  the  great  abundance  of  that  ore 
in  the  marine  deposits  supposed  to  be  contemporaneous  with  our  Wealden,  in  other  parts  of  Eu- 
rope :  supra,  (168.)  p.  330. 

(171.)  Similarity  of  Deposits  of  different  Epochs. — The  mineralogical 
resemblance  between  some  of  the  strata  above  and  beneath  the  Wealden^ 
is  very  remarkable. — The  upper  part  of  the  Portland  formation  in  the  Vale 
of  Wardour  is  so  like  chalky  that  it  bears  that  name  in  some  of  the  quarries; 
and  both  there  and  upon  the  coast  of  Dorsetshire  it  contains  flint  nodules^ 
not  distinguishable  from  those  of  the  chalk. — The  Portland  sand  abounding 
in  green  particles^  cannot^  in  itself,  be  distinguished  from  the  green-sands 
above  the  chalky  nor  from  those  below ;  the  green  matter  in  all  is  of  the 
same  nature;  the  calcareous  concretions  are  like  those  of  the  ^^Kentish- 
rag"  :  yet  the  deposition  of  these  groups  was  separated  by  intervals 
of  time  sufficient^  in  the  first  two  cases^  for  the  accumulation  of  all  the 
Wealden  strata^  and  in  the  two  latter,  for  that  of  the  chalk. — The  strong  re- 
semblance of  the  variegated  sands  and  marl  of  the  Wealden  to  those  of  the 
new  red  sandstone,  and  of  both  to  the  tea-coloured  and  variegated  marls  of 
the  Jieds  above  the  chalk  in  the  Isle  of  Wight,  has  been  already  mentioned. 
— The  Wealden,  again,  has  many  striking  points  of  resemblance  to  the  coal 
measures.  The  shale,  sandstones,  and  clay  iron-stone  of  the  latter  are  not 
distinguishable  from  those  of  the  Hastings-sands,  which  are,  in  fact,  a  coal 
formation  :  and  in  addition  to  the  Unios  and  other  freshwater  shells  long 
known  in  the  coal  formations,  the  recent  discovery  of  Cypris,  in  freshwater 
limestone,  among  the  coal  measures  in  Scotland^,  is  another  point  of  agree- 
ment. 

These  resemblances,  of  which  other  examples  might  easily  be  given,  in  de- 
posits separated  by  great  intervals  of  time,  demonstrate  the  identity  of  the 
processes  which  are  still  going  on  with  those  of  the  more  ancient  epochs, 

*  See,  however,  upon  this  subject,  the  remark  of  Mr.  Sowerby,  as  to  the  possible  resemblance 
of  the  fossil  crusts  of  the  marine  genus  Cythcrina,  to  those  of  Cypris  :  Appendix,  p.  345,  under 
the  head  Cypris  Valdensis. 
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and  prepare  the  mind  for  the  reception  of  other  proofs  of  that  continuity  of 
action^  which  has  of  late  been  so  ably  discussed. 

(173.)  Fossils. — A  systematic  list  of  all  the  fossils  mentioned  in  the  pre- 
ceding pages*  is  given  in  the  Appendix  B :  and  I  have  connected  with  it  a  series 
of  columns^  exhibiting  at  one  view  the  stratigraphic  distribution  of  the  several 
species.  My  collection  is  so  incomplete^  that  many  of  the  columns  are  un- 
occupied ;  and  most  of  them  afford  very  inadequate  representations  of  the 
facts  :  but  it  will  be  advantageous  to  keep  in  view  the  completion  of  such  a 
list^  whenever  sufficient  materials  shall  be  obtained  to  fill  it  up.  The  number 
of  specimens  collected  from  any  given  district  or  series  of  strata^  depends  on 
so  many  circumstances  purely  accidental, — the  texture  of  the  matrix^  the  num- 
ber of  open  quarries^  the  relative  skill  and  activity  of  collectors^ — that  the 
richest  collections  can  very  seldom  be  regarded  as  fairly  representing  the 
fossil  contents  of  the  groups  from  which  they  are  obtained ;  and  there  still 
are  large  tracts^  in  every  part  of  the  English  series^  the  fossils  of  which  are  un- 
known. The  proportion^  therefore,  which  the  species  we  are  acquainted  with, 
bear  to  the  whole  number  contained  in  the  strata,  is  so  far  from  being  de- 
termined, that  any  general  reasoning  upon  this  subject  at  present  would  be 
of  little  value. 

From  the  imperfect  lists  of  fossils  given  above,  it  would  seem  that  even 
short  distances  are  attended  with  greater  variation  in  the  contents  of  the 
strata,  than  might  have  been  expected ;  and  that  although  some  species  pervade 
the  whole  range  of  the  formations  in  which  they  are  found,  others  occur  in 
several  of  the  tracts  described  which  have  not  yet  been  obtained  elsewhere. 


I  cannot  conclude  these  pages  without  expressing  my  great  obligation  to 
Mr.  Lonsdale,  for  his  kind  and  unremitting  assistance  during  their  passage 
through  the  press  ;  which  has  been  doubly  acceptable,  from  its  having  been 
conferred  on  me  by  one  of  my  most  valued  personal  friends. 

W.  H.  F. 

London,  August  16,  1836. 

*  It  may  be  proper  to  mention  here,  that  the  whole  of  the  author's  collection  re- 
ferred to  in  the  preceding  lists,  has  been  presented  to  the  Geological  Society,  and  will 
be  found  in  their  Museum. 
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APR  A. 

Descriptive  Notes  respecting  the  Shells  figured  in  Plates  XL  to  XXIIL 

By  James  de  Carle  Sowerby,  P.L.S.  &c. 

PLATE  XL 

•  Fig.  1.  Tomatella  elon'gata.  Elliptical,  elongated;  surface  furrowed;  furrows  crossed  by 
short  lines ;  whorls  about  four  ;  lip  slightly  thickened.  This  resembles  Acteon  {Tornatelld) simu- 
lattu  (Min.  Con.  1. 163.  f.  S.)  of  the  London  clay,  even  in  the  dotted  furrows  upon  the  surface  of 
the  shell,  but  it  is  much  longer  in  proportion,  and  is  only  half  the  size. 

Fig.  2.  Lucinal  globosa,  A  nearly  globose  smooth  shell,  with  the  lines  of  growth  peculiarly 
waved  near  the  posterior  margin.     I  have  not  seen  the  interior. 

Fig.  3.  Avicula  Gryphaoides.  The  convex  valve  nearly  orbicular,  with  a  projecting  incurved 
beak,  and  two  small '  unequal  ears :  when  alone,  it  may  easily  be  mistaken  for  Inoceramus  can- 
centrtcuSf  but  the  parts  about  the  beak,  especially  the  ears,  show  the  difference.  The  other  valve  is 
nearly  flat,  orbicular,  and  has  one  small  and  one  large  ear.  The  convex  valve  a.  is  represented 
from  specimens  found  at  Nursted  in  Hampshire  ;    the  other  valve,  h,  is  from  Cambridgeshire. 

Fig.  4.  Pentacrinus,  The  stem  only  has  yet  been  found ;  it  is  various  in  size,  the  sides  arc 
concave,  the  angles  rounded.  Joints  equal,  the  margins  of  their  surfaces  ornamented  with  short 
striae.  Some  specimens  show  the  bases  of  lateral  arms.  It  strongly  resembles  a  species  found  in 
the  chalk ; — (Mantell ;  Fossils  of  the  South  Downs,  p.  1 83 ;  Geol.  of  the  S.E.  of  England,  p.  1 1 2.) ; 
which  i8,  however,  much  krger. 

Fig.  5.  Pollicipes  Uevis.  The  lateral  valves  are  rhomboidal,  smooth,  thin,  and  nearly  flat :  in 
the  partially  decomposed  state  in  which  they  are  found,  they  appear  to  be  composed  of  layers,  of 
different  degrees  of  transparency  and  depths  of  colour.  This  species  also  occurs  in  the  green- 
sand  at  Blackdown:   see  Plate  XVL  fig.  1. 

Fig.  5*.  Pollicipes  unguis.  Smooth,  the  valves  are  all  remarkably  curved,  and  broad  in  pro- 
portion to  their  length. 

Fig.  6.  Pollicipes  radiatus.  Valves  wedge-shaped,  flat,  marked  with  sharp,  elevated  rays,  di- 
verging from  their  apices. 

Fig.  6*.  Pollicipes  rigidus  is  distinguished  by  thin  transverse  elevations,  which  are  very  promi- 
nent upon  the  posterior  valves  :  the  lateral  valves  are  elongated. 

Fig.  7.  Venusi  tenera.  Shell  lenticular,  rather  transverse,  neatly  marked  with  concentric 
striae ;   lunette  lanceolate. 

Fig.  7*.  Fenericardia  tenuicosta.  Transversely  oblong,  approaching  to  square.  It  varies 
much  in  convexity :  and  when  old  or  interrupted  in  its  growth,  is  nearly  globose,  rather  heart- 
shaped.  Specimens  have  been  found  twice  the  length  of  that  represented  in  the  figure,  both 
of  the  oblong  and  globose  form.  The  surface  of  the  rays  is  rough,  with  slightly  elevated  obtuse 
scales.     The  interior  of  the  margin  is  crenated.     Lunette  rather  deep,  heart-shaped. 

Fig.  8.  Nucula  bivirgata.  Very  convex ;  the  surface  ornamented  with  two  sets  of  linear 
furrows,  which  meet  towards  the  posterior  slope,  at  acute  angles  directed  towards  the  beak  of  each 
valve ;  the  junction  producing  a  regular  line,  without  forming  a  ridge.     Lunette  broad. 
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Fig.  9.  Modiola  bella*  Neatly  striated,  convex,  with  parallel  edges,  nearly  equal  sides,  and 
obtuse  beaks. 

Fig.  10.  Lima  temisulcata.  {Plagiostoma  semisulcatumy  Nilsson,  Petrif.  Suec.  25,  t.  ix.  f.  3.) 
Ovate  elongated,  very  convex,  the  beaks  incurved,  short ;  ears  nearly  equal,  small.  Where  the 
lines  of  growth  cross  the  ridges,  which  vary  in  number  from  11  to  16,  they  form  obtuse,  short 
scales  or  grains. 

Fig.  11.  Auricula  inflata.  (Benett's  Catalogue  of  Wiltshire  Fossils,  4to,  p.  2.)  Shell  ovate ; 
spire  small,  pointed ;  the  last  whorl  large ;  aperture  at  the  lower  part  approaching  to  square, 
but  with  one  of  the  upper  angles  elongated  and  acute ;  the  lips  united,  thick,  obtuse  ;  the  colu- 
mella has  two  plaits,  the  lower  sometimes  divided  by  a  groove  along  its  middle.  The  surface  of 
the  shell  is  marked  with  numerous  spiral  lines  of  elongated  punctures.  The  thick  lip  separates 
this  from  several  species  of  Tornatella,  to  which  in  other  respects  it  bears  a  strong  resemblance. 
Auricula  incrassata  of  Min.  Conch,  t.  163*  is  shorter  and  smaller,  and  has  the  lip  more  enlarged. 
A.  incrassata  of  Mantell  (Geol.  Sussex,  t.  xix.  figs.  2,  3,  and  34.)  also  resembles  it,  but  has  a 
much  shorter  spire. 

Fig.  12.  Natica  canaliculata.  {Ampullaria  canaliculata,  Mantell,  Geol.  Suss.  tab.  xix.  fig.  13.) 
Globose,  depressed,  smooth.  Umbilicus  large,  circular,  gradually  expanded  into  the  base.  Around 
the  upper  edges  of  the  whorls  is  a  concave,  transversely  striated  groove,  best  defined  in  the 
young  shell, — as  in  c.  The  inferior  specimen,  a.  6.  is  filled  with  brownish  phosphate  of  lime* 
See  the  figure  of  a  much  larger  specimen,  Plate  XVIII.  fig.  6. 

Fig.  13.  Solarium  amaium.  Discoid,  with  a  small  portion  of  the  spire  elevated  and  acute; 
aperture  rhomboidal.  Sur&ce,  above  ornamented  with  obtuse,  radiating  ribs, — ^and  near  the 
margin,  both  above  and  below,  with  granules  in  quincunx  order. 

Fig.  14.  Solarium  conoideum,  (Min. Conch,  t.  11.)  A  conical  shell  as  high  as  it  is  wide;  the 
umbilicus  large  and  smooth.  The  outer  coat  of  the  shell  is  represented  in  this  figure ;  and  shows 
the  upper  part  of  each  whorl  to  be  concave,  and  elegantly  marked  with  decussating  striae  forming 
rows  of  granules;  aperture  rhomboidal,  nearly  square. 

Fig.  1.5.  Pyrula  Smithii,  Ovato-fusiform ;  two  obscure  keels  and  numerous  striae  wind 
round  its  surface ;  spire  rather  elongated,  acute.  These  two  figures,  perhaps,  represent  different 
species :  fig.  a.  is  more  distinctly  keeled  than  fig.  6.,  which,  however,  being  considerably  worn, 
has  lost  much  of  its  external  sculpture ;  but  shows  also  longitudinal  undulations,  which  can 
hardly  be  traced  upon  fig.  a.  Both  the  specimens  are  from  Copt  Point,  near  Folkstone.  Murex 
Smithii  (Min.  Con.  578),  lately  removed  to  the  genus  Pyrula,  is  a  different  shell. 

Fig.  16.  Rosiellaria  elongata.  Presumed  to  be  a  Rostellaria,  from  its  resemblance  to  R.  mar- 
ginata,  fig.  18. ;  from  which  it  differs  principally  in  its  great  length  and  the  smaller  number  of 
ribs.  Turrited,  much  elongated,  ribbed,  transversely  striated;  upper  edge  of  the  whorls  smooth. 

Fig.  17.  Rosiellaria  buccinoides,  A  neat,  subulate,  costated  shell,  approaching  to  R.  rimosa  : 
it  has  but  one  varix  upon  each  whorl :  the  lip  is  not  lobed. 

Fig.  1 8.  Rosiellaria  marginaia,  Turrited,  conical,  transversely  striated  ;  ribs  eight  or  ten  upon 
each  whorl,  short  and  obtuse  ;  last  whorl  keeled,  without  ribs.  Named  from  a  ridge  or  narrow 
band  upon  the  upper  edge  of  each  whorl ;  which  is  more  or  less  conspicuous  in  every  specimen, 
and  assists  in  distinguishing  the  species  from  Rosiellaria  Parkmson'i.  See  PL  XVIII.  fig.  24. 

Fig.  19.  Rosiellaria  carinata,  (Mantell;  Fossils  of  the  South  Downs,  p.  86,  PI.  XIX.  figs.  JO, 
11,  12,  and  14.)  This  figure,  from  a  drawing  by  the  Rev.  G.  E.  Smith,  exhibits  the  lip  in  an  ad- 
vanced stage  of  growth.  The  spire  is  nearly  subulate,  composed  of  eight  or  nine  convex  whorls  j 
a  row  of  small  tubercles,  or  short  ribs,  winds  round  the  middle  of  each  whorl  except  the  last, 
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which  haa  two  acute  keels ;  the  lip  has  a  long  forked  projection  arising  from  the  upper  keel ; 
the  beak  is  long  and  subulate ;  the  whole  surface  striated. 

Fig.  20.  AmmonxteB  ?  ctrcularit.  Aperture  circular ;  whorls  just  touching  each  other :  nearly 
close,  acute,  circular;  sometimes  forked  ridges  cover  the  surface.  This  specimen  may,  perhaps, 
be  a  portion  of  an  Hamites  or  Scaphites  ? 

Fig. 21.  Ammomtes  symmetricus.  Aperture  nearly  square;  ribs  blunt,  slightly  tumid  as  they 
approach  the  hollow  in  which  the  rounded  keel  is  immersed,  and  though  not  equal  in  length, 
elegantly  uniform  in  their  elevation  ;  the  sides  of  the  whorls  flattened.  The  specimen  here  fi- 
gured, though  a  fragment  only,  differs  from  every  Ammonite  known  to  me. 

Fig.  22.  Ammonites  crenatus.  Sides  flattened;  the  inner  whorls  much  exposed,  their  margins 
nearly  smooth  and  rounded,  those  of  the  outer  whorls  crenated  on  each  side  of  a  narrow  concave 
space  over  the  siphuncle.     Distinguished  from  A.  splendens  by  thie  more  exposed  inner  whorls. 

Fig.  23.  Ammonites  crisiatus.  (DeLuc,  in  Brongniart,  Env.  de  Paris,  p).  vii.  10.)  Some  of  the 
ribs  being  acute  and  much  more  elevated  than  others,  form  the  distinguishing  character  of  this 
species.  I  believe  A.  cristatus  and  A.  subcristatus  of  De  Luc  to  be  varieties  of  the  same  species : 
I  have  seen  both  from  Folkstone :  tho  specimen  before  us  belongs  rather  to  the  latter  variety. 

PLATE  XII. 

Figs.  1,  2»  Hamites  rotundus.  (Min.  Conch,  tab.  Ixi.  fig.  2,  3.)  The  peculiar  structure  of  the 
inner  extremity  in  this  species,  is  indicated,  rather  than  distinctly  seen,  in  these  figures ;  whicli 
have  been  engraved  from  drawings  by  the  Rev.  G.  E.  Smith,  taken  from  specimens  collected  by 
Lord  Greenock,  near  Copt  Point  in  Kent.  Mr.  Smith  observes,  in  a  note  sent  with  the  drawings, 
that  the  termination  in  a  minute  whorl,  (imperfectly  seen  in  the  figures,)  had  been 
traced  distinctly  in  more  than  one  specimen ;  which  proved  that  the  coils  of  the  spiral 
were  nearly  parallel  to  the  straight  part  of  the  stem,  and  the  axis  at  right  angles  to 
it.  The  spiral  appears  to  have  been  open,  as  in  many  recent  Serpulse ;  so  that  its 
perfect  preservation  in  the  fossil  could  scarcely  have  been  expected :  and  this  would 
account  for  the  defective  state  in  which  the  Hamite  is  commonly  found.  Mr.  Smith  adds  that  the 
spiral  portion  appeared  invariably  to  have  been  decayed,  as  if  it  had  been  filled  up  with  soft 
matter,  as  in  the  case  of  Magilus.  The  figures  show  the  remains  of  the  spiral,  in  two  different 
specimens ;  but  in  both  much  broken  and  displaced.  The  spiral  part  is  round,  with  contiguous 
annular  ribs,  also  round  and  regular. 

Fig.  3.  Hamites  attenuatus.  (Min.  Conch,  t.  Ixi.  fig.  4.  and  5.)  Both  ends  of  this  species,  when 
complete,  are  similarly  bent  or  folded  in,  not  spirally,  but  so  that  the  segments  become  parallel 
to  each  other.  The  larger  parts  are  rather  compressed,  the  smaller  cylindrical ;  the  ribs  are 
annular  and  rounded. 

Fig.  4.  Hamites  spiniger.  The  general  form  of  this  species  is  like  that  of  Scaphites  Yvanii, 
(Bull,  de  la  Soc.  Geol.  de  France,  vol.  ii.  p.  355,  pi.  ii.)  ;  one  portion  being  a  fiat  volute,  like  an 
Ammonite,  but  with  unconnected  whorls;  the  other  bent  into  the  characteristic  form  of  a  Hamites: 
the  sides  are  flattened.  The  spines  form  one  of  the  chief  specific  characters :  there  are  three 
rows  of  them  on  each  side,  placed  upon  the  larger  ribs  on  the  involute  part  of  the  shell ;  they  are 
gradually  lost  upon  the  other  parts. 

PLATE  XIII. 

Fig.  1.     Echinust  arenosus.     The  underside  is  imperfect,  and  the  genus  therefore  doubtful. 
Fig.  2.     Panopcea  rotundata.    Only  a  cast,  which  is  nearly  smooth.     The  ridge  separating  the 
posterior  area,  which  is  small,  is  strongly  marked,  and  projects  on  the  margin. 

2x2 
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Fig.  3.  Trigania  spinosa,  var.  DistiDguished  from  Trigonia  spinosa  (Min.  Conch,  t.  Ixxxvi.), 
of  which  it  is  a  variety,  by  the  presence  of  longitudinal  ridges  continued  from  the  bases  of  the 
spines,  and  by  its  more  oblique  form.     It  is  often  longer  than  the  specimen  here  figured. 

Fig.' 4.  Diceras  Lonsdaliu  The  small  portion  hitherto  examined  of  the  external  impression 
of  this  curious  fossil,  shows  the  shell  to  have  been  squamose,  like  an  Oyster,  and  of  considerable 
thickness.  The  two  valves  are  less  equal  in  size  than  is  usual  in  the  genus  Diceras.  The 
larger  valve  is  an  elongated  cone,  rather  flattened  and  curved  twice  round;  and  it  appears  to  have 
been  attached  to  some  foreign  body,  as  in  Diceras  arxetinum.  The  other  valve  has  only  an 
oblique  conical  umbo. 

PLATE  XIV. 

Fig.  1.  Pholas  giganteus.  In  general  aspect  much  resembles  a  Pholadomya ;  but  the  appa- 
rently squamose  structure  of  the  surface  shows  it  to  belong  to  the  same  section  of  the  Pholadesas 
P.  candidus.  Its  valves  are  so  convex  as  to  form  nearly  a  cylinder  when  closed.  The  reflected 
margin  near  the  beak,  so  large  in  some  Pholades,  is  probably  broken  away  in  this  specimen. 

Fig.  2.  Modiola  Uneata.  The  depth  of  each  valve  is  equal  to  its  width ;  the  beaks  are  ob- 
tuse ;  the  margins  are  arched  and  nearly  parallel ;  the  surface  longitudinally  and  finely  striated. 

Fig.  3.  Avicala  pectinata.  A  slightly  convex  shell,  with  large,  square,  depressed  ears,  and 
short  acute  linear  ridges,  alternately  longer. 

Fig.  4.  Ostrea  retusa.  This,  like  most  Oysters,  is  very  variable  in  form,  but  generally  much 
curved  and  nearly  orbicular ;  the  shell  is  moderately  thick,  plain  in  the  middle,  but  strongly 
plicated  at  the  margin  with  angular  plaits.  It  occurs  in  massy  groups.  It  is  not  so  flat  as 
O,  semiplanaf  a  fossil  of  the  chalk  ;  nor  are  its  valves  so  equal,  nor  so  thin,  as  in  that  species, 
which  it  otherwise  much  resembles. 

Fig.  5.  Anomia  radiata.  Irregularly  orbicular,  flat,  finely  radiated.  Tlie  radii  are  coarser, 
and  more  distant,  than  the  fine  striae  which  occur  in  the  London  clay  species,  Anomia  lineata, 
(Min.  Conch,  t.  425.) 

Fig.  6.  Anomia  Icevigata,  Much  smoother,  and  more  even,  than  any  other  known  species : 
very  thin,  orbicular,  and  flat.  The  figures  a,  and  b.  are  taken  from  different  specimens ;  a,  in 
Mr.  Smith's  collections  ;    b,  in  Mr.  Sowerby's. 

Fig.  7.  Anomia  convexa,  A  remarkably  convex  species,  with  a  large  and  prominent  beak, 
and  smooth  surface.  The  furrows  are  produced  by  a  Terebratula  to  which  this  specimen  was 
attached,  and  to  which  it  consequently  bears  a  great  resemblance. 

[The  name  of  this  new  species  has  been  omitted,  by  mistake,  in  the  list  of  Lower  green-sand 
fossils  of  the  Isle  of  Wight,  p.  204.  It  was  found  there  in  the  debris  fallen  from  the  cliff*,  on  the 
shore  east  of  Shanklin  Chine.] 

Fig.  8.  Terebratula  Tamarindus,  Nearly  orbicular,  smooth ;  margin  very  obtuse.  Disk 
rather  flattened ;  beaks  but  little  curved,  with  an  angular,  slightly  prominent  ridge  on  each  side, 
passing  down  the  sides  of  the  valves. 

Fig.  9.  I'erebratula  quadrata.  Ovate,  gibbose ;  beak  large  ;  front  broad,  straight,  with  a 
few  large  plaits. 

Fig.  10.  Terebratula  Faba,  Elliplical,  narrow,  gibbose;  front  concave,  but  not  elevated, 
very  narrow  ;   the  perforated  beak  short,  but  prominent. 

Fig.  1 1 .  Terebratula  elegans.  Transversely  obovate ;  beak  prominent,  pointed,  nearly  straight ; 
plaits  numerous,  sharp  ;  front  slightly  elevated,  straight. 

Fig.  12.  Terebratula  convexa.  Angles  rounded;  valves  very  regularly  convex;  beak  large; 
plaits  numerous,  rounded  ;  front  slightly  elevated. 
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Fig.  Id.  Terehraiuia  parvirostrii.  Imperfecdy  tetrahedral,  rounded;  beak  smally  sharp; 
sides  slightly  produced  and  angular ;  plaits  numerous,  angular  ;  eight  or  nine  of  them  much  ele- 
vated in  the  front. 

Fig.  14.  Terehraitda  prceUmga.  Ovate,  much  elongated,  gibbose ;  front  slightly  elevated, 
with  a  depression  in  its  middle  ;  beak  prominent,  large  ;  surface  smooth.  The  figure  a.  is  from 
a  drawing  by  the  Rev.  G.  £.  Smith ;  6.  from  another  specimen,  also  found  near  Sandgate. 

Fig.  15.  Lingulal  truncata.  Ovate,  depressed,  flattened  most  along  the  middle;  front 
straight. 

Fig.  1 6.  Pleuratcmaria  giganUa,  (Trochus ;  British  Mineralogy,  t.  403.)  Conical,  height  and 
breadth  equal ;  whorls  slightly  overlapping  each  other ;  sides  straight ;  surface  concentrically 
striated.  The  transversely  striated  band  proceeding  from  the  deep  sinus  in  the  lip,  which  marks 
the  genus,  is  well  preserved  on  a  specimen  seven  inches  in  diameter,  in  the  collection  of  Charles 
Manning,  Esq.,  who  obtained  it  from  near  Hythe,  after  this  plate  was  engraved.  Some  speci- 
mens of  this  shell  are  so  much  changed  by  pressure  as  not  to  be  above  one  inch  high,  while  they 
are  three  or  four  inches  in  diameter,  with  a  sharp  margin. 

Fig.  17.  Jmrnoniies  furcatus.  Discoid,  sides  and  front  flat;  inner  whorls  partly  exposed  ; 
aperture  with  a  square  front,  oblong,  deeply  impressed  with  the  preceding  whorl,  lateral  angles 
truncated ;  ribs  not  very  numerous,  thick^  curved,  many  of  them  forked,  passing  at  right  angles 
across  the  front. 

PLATE  XV. 

Scapkites  HilUU*.  General  form  obovate,  compressed ;  the  inner  whorls  exposed,  not  touching 
each  other,  but  still  curved  into  a  regular  volute,  compressed,  bearing  numerous  small,  close* 
rounded  ribs :  the  outer  whorl  strikes  off  from  the  others,  in  nearly  a  straight  line,  to  a  con- 
siderable distance,  and  then  bends  back  so  that  the  aperture  nearly  touches  the  preceding  whorl, 
furnished  with  ten  or  more  distant,  very  prominent,  sharp-edged  ribs,  which  are  most  raised 
upon  the  sides.  Aperture  nearly  square,  thin-edged,  preceded  by  a  short  rib  over  tlie  front; 
Siphuncle  small,  close  along  the  front,  or  outer  margin  of  the  whorls  ;  septa  much  sinuated,  not 
very  close.  The  system  of  inner  whorls  occupies  rather  more  than  half  the  longest  diameter  of 
the  entire  shell,  which  is  about  fourteen  inches. 

Fig.  1.  represents  a  specimen  of  the  inner  whorls,  reduced  to  half  the  real  diameter.  A  small 
Exogyra  was  found  attached  to  the  inner  margin  of  one  of  the  whorls  of  this  individual,  showing 
that  there  was  always  a  space  between  it  and  the  next  whorl. 

Fig.  2.  is  drawn  from  a  portion  of  an  outer  whorl,  also  half  the  natural  size.  The  specimen  is 
irregularly  flattened. 

The  above  description  has  been  made  from  several  nearly  entire  specimens,  obtained  from  the 
vicinity  of  Maidstone  af^er  this  plate  was  engraved,  and  now  in  the  possession  of  Sir  Philip  Grey 
Egerton,  Mr.  Bowerbank,  and  Mr.  Sowerby.  An  outline,  taken  principally  from  Sir  P.  G.  Eger- 
ton*8  specimen,  on  a  scale  of  one  fifth  of  the  original  dimensions,  is  inserted  in  the  plate  at  fig.  3. 
Mr.  Sowerby  has  also  a  specimen,  from  the  same  place,  of  a  species  nearly  agreeing  with  this 
one,  but  probably  distinct :  it  is  much  larger ;  and  its  system  of  inner  whorls  is  free  from  radii 
and  undulations. 


*  In  the  list  at  p.  128,  this  fossil  is  erroneously  called  Hamites;  perfect  specimens  not  having 
been  foimd,  when  that  page  was  printed. 
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PLATE  XV.  a. 

Siphonia  pyrifonms.  (Goldfuss,  Petrefactenkunde,  tab.  vi.  fig.  7.)  This  plate  represents  several 
varieties  in  the  form  of  this  Siphonia,  with  some  details  of  its  structure  ;  from  which  it  may  be 
inferred  that  the  upper,  enlarged  part  becomes  broader  in  proportion,  and  more  pear-shaped, 
as  it  increases  in  size.  But  although  this  may  be  stated  as  a  general  rule,  the  exceptions  are 
numerous,  and  there  seems  to  be  as  much  variety  in  the  form  of  the  full-grown  specimens  of  the 
fossil,  as  in  that  of  the  fruit  from  which  this  species  has  been  named. 

Figure  4,  a  specimen  nearly  entire,  shows  the  root-shaped,  lower,  part  of  the  stem,  by  which  it 
was  fixed  to  the  rock  on  which  it  grew.  The  condition  of  the  fossil  does  not  enable  us  to  speak 
decidedly  as  to  the  original  state  of  the  external  surface  in  the  living  animal :  we  can  perceive, 
however,  that  beneath  the  surface  was  a  system  of  large  tubular  canals,  placed  in  a  circle,  with 
some  degree  of  regularity  as  to  their  distance  from  each  other,  and  succeeded  at  intervals  by 
other  concentric  circles  of  similar  tubes.  These  are  shown  in  the  vertical  and  horizontal  sections 
fig.  6.  and  7.,  which  had  been  very  carefully  ground  down  by  the  late  Mr.  Miller,  for  the  pur- 
pose of  showing  the  structure,  and  in  the  broken  and  abraded  specimens,  fig.  4.  and  5.  Fig.  8.  is 
a  sMcimen  of  a  lower  portion  of  the  stem  which  belonged  to  the  late  Mr.  Goodhall,  F.G.S* 
Its  exlemal  surface  havii^  been  removed,  the  tubes  which  form  the  lower  part  of  the  stem  are 
well  dispUtyed  :  and  a  similar  observation  may  be  applied  to  the  head,  fig.  5. 

In  fig.  9.  a  head  is  represented,  the  greater  part  of  which  is  embraced  by  a  Serpula.  From 
this  tube  being  at  present  nearly  half  immersed  in  the  substance  of  the  head,  and  from  the 
groove-like  impression  visible  in  some  places,  it  would  appear  that  after  the  Serpula  had  attached 
itself,  the  head  must  have  increased  considerably  in  diameter;  still,  however,  preserving  its 
general  form  and  proportions,  where  not  covered  by  that  tube. 

PLATE  XVI. 

Fig.  1.  Pollicipes  Icevis:  from  Blackdown,  Devonshire.  Supposed  to  be  of  the  same  species 
as  Plate  XI.  fig.  .5,  found  in  the  Gault  near  Folkstone. 

Fig.  2.  Serpula  filiformis.  The  mode  of  grouping  in  this  Serpula  is  remarkable.  It  consists 
of  smooth,  round  tubes,  slightly  curved,  and  aggregated  into  elongated,  often  branching  masses. 
The  tubes  are  rather  thick,  nearly  equal  throughout  their  substance.  This  fossil  may  be  the  same 
with  that  which  Goldfuss  calls  S,  socialis,  (Petrefactenkunde,  tab.  Ixix.  fig.  12.)  ;  but  as  he  iden- 
tifies the  species  from  the  oolite  with  that  of  the  green-sand,  I  would  retain  his  name  for  the 
former  only.  The  substance  of  this  shell  in  our  green-sand  fossil  is  thinner,  and  the  tube  gene- 
rally more  curved,  than  in  the  S,  socialis  of  the  oolite. 

Fig.  3.  Serpula  Tuba.  Simple,  almost  solitary  tubes,  of  nearly  uniform  diameter  throughout; 
shell  thin. 

Fig.  4.  Serpula  Vermes,  The  tube  gradually  increases  in  size,  and  has  a  carina  along  its 
upper  surface.  It  is  a  larger,  coarser  species  than  Serpula  carinella,  (Min.  Conch,  t.  598.  fig.  S.)- 
5.  conformis  of  Goldfuss  (Petrcfact.  tab.  Ixvii.  fig.  13.)  is  like  it,  but  has  subangular  sides. 

Fig.  5.  Panopcea  ovalis.  The  regularly  oval  Ibrm  shown  by  the  lines  of  growth,  distinguish 
this  from  the  species  found  either  in  the  crag  or  recent :  neither  does  the  anterior  side  gape  so 
much  as  in  any  of  them.  It  is  moderately  convex  and  smooth  ;  the  beaks  are  nearest  the  anterior 
side,  which  is  closed ;  the  posterior  extremity  is  rounded  and  gaping. 

Fig.  6.  Mya  Iceviuscula,  So  perfect  is  this  cast  in  calcedony,  that  even  the  asperities  of 
the  epidermis,  such  as  occur  in  recent  species,  are  preserved.     The  shell,  which  is  nearly  twice  as 
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wide  as  it  is  long,  is  moderately  gibbose,  and  has  a  characteristic  depression  along  its  middle. 
The  sides  gape  slightly. 

Fig.  7.  AmjpMdetmat  tenuUtriatum.  A  transversely  elongated,  oblong,  very  flat  shell,  with 
numerous  impressed  strise,  the  posterior  extremity  slightly  truncated ;  the  beaks  nearly  central, 
not  produced.     The  genus  is  rather  doubtful. 

Fig.  8.  CorlnUa  trtmcata.  Very  similar  to  one,  or  two,  species  in  the  London  day.  Its  form 
is  oblong-ovate;  the  posterior  side  is  produced,  obliquely  truncated,  and  pointed  towards  the 
front.     The  surface  is  transversely  striated. 

Fig.  9.  Mactrat  angulata.  Smooth,  subtriangular;  the  posterior  side  defined  by  a  ridge; 
beaks  small,  nearly  close ;  hinge  unknown. 

Fig.  10.  Petricola  nucifamUt.  Suborbicular ;  striated  longitudinally  ;  the  edge  serrated ;  the 
beaks  small,  sunk  into  the  shell. 

Fig.  11.  Petricola  canaliculata.  Orbicular,  very  convex,  longitudinally  furrowed ;  furrows 
nearly  covered  over  edge  granulated.  The  concealed  furrows  are  represented  in  the  magnified 
section;  the  edges  of  the  costse  between  them  are  sometimes  connected  across  the  furrows. 

Fig.  12.  Ptammolna^  gracUU.  Much  elongated  transversely,  nearly  cylindrical;  surface 
marked  with  many  raised  lines,  which  are  most  elevated  at  their  extremities ;  posterior  side  de- 
fined, produced,  and  pointed. 

Fig.  13.  Lucina?  orbicularis.  Orbicular;  convex;  longitudinally  striated ;  strise  numerous, 
of^n  forked ;  beaks  small,  distant ;  edge  entire. 

Fig.  14.     Lucina  Pitum.     Nearly  globose ;  fifteen,  or  more,  reflected  ridges  cross  the  surface. 

Fig.  15.  Astarie  condnna.  Oblong,  convex,  concentrically  furrowed,  thick;  lunette  elon- 
gated, deeply  sunk ;  beaks  oblique.  In  everything,  except  the  elongated  form,  this  resembles 
Astarte  striata^  (Min.  Conch,  t.  520.  f.  1.),  which  is  orbicular. 

Fig.  16.  A sUvrte  formosa.  Orbicular,  approaching  to  triangular,  rather  flat,  with  thick  edges ; 
about  ten  prominent  reflected  ridges  on  the  surface  ;  lunette  elongated,  concave.  Found  in  great 
numbers  at  Blackdown. 

Fig.  17.  Astarte  multistriata.  Very  convex;  rather  wedge-shaped;  with  many  concentric 
ridges,  and  numerous  fine  longitudinal  strise  between  them ;  lunette  large  and  broad.  A  small, 
rare  species. 

Fig.  18.  Astarte  impolita,  Obovate,  convex,  rather  angular  at  the  beaks :  surface  anti- 
quated ;  ligament  imbedded  in  a  lanceolate  groove. 

Fig.  19.  Cyprina  cuneata,  Cordato-cuneiform  ;  surface  even ;  posterior  side  straight,  a  little 
produced  at  its  extremity  ;  beaks  prominent ;  valves  deep ;  shell  rather  thin.  The  specimens 
found  at  Blackdown  are  seldom  larger  than  the  small  figure :  the  large  one  was  in  the  collection 
of  the  late  Mr.  Goodhall. 

PLATE  XVll. 

Fig.  1.  Ctfprina  rostrata.  Distinguished  by  its  general  form  from  Cyprina  {Venus)  angulata 
(Min.  Ck>nch.  t.  65,\  which  it  nearly  resembles.  It  is  less  convex,  the  posterior  extremity  is  more 
produced,  and  the  line  thence  to  the  beak  straighter. 

Fig.  2.  Cythercea  subrotunda.  Flat,  lenticular,  nearly  orbicular,  smooth ;  lunette  elongated ; 
fulcrum  arched.     One  specimen  has  an  Exogyra  adhering  to  an  eroded  part  of  the  surface. 

Fig.  3.  Venus  1  truncata.  Rather  less  convex  than  F.  lineolata  (Min.  Conch,  t.  20.);  strongly 
marked  with  lines  of  growth ;  the  posterior  side  expanded  and  tnmcated ;  lunette  obscure, 
lanceolate. 
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Fig.  4.  Fenusl  tuhmersa.  Nearly  orbicular ;  valves  tumid ;  the  posterior  extremity  truncated ; 
lunette  obscure ;  hinge-slope  rather  straight. 

Fig.  5.     Venus  1  subUevis,     Very  flat,  elliptical,  smooth ;  lunette  undefined,  not  sunk. 

Fig.  6.     Venus  ?  immersa.  Very  flat,  ovate,  smooth  ;  lunette  deeply  sunk ;  its  edge  not  defined. 

Fig.  7.  Cucullcea  formosa.  More  deeply  striated  than  C.  fibrosa;  and  in  form  resembling 
C  carinata  (Min.  Conch,  t.  207.).  Very  convex,  transversely  elongated ;  posterior  extremity 
pointed. 

Fig.  8.  Area  rotundata.  Surface  longitudinally  striated ;  the  sides  unequal ;  both  rounded. 
There  is  no  space  between  the  beaks. 

Fig.  9.  Nucula  lineata.  Elliptical ;  posterior  extremity  slightly  truncated,  with  a  short  point 
at  its  upper  angle ;  surface  transversely  striated,  with  lines  straighter  than  the  lines  of  growth, 
which  they  consequently  cross  twice. 

Fig.  10.  Nucula  apiculata.   Convex,  smooth,  transversely  obovate;  posterior  extremity  pointed. 

Fig.  11.     Nucula  obtusa.     Convex,  smooth,  elliptical ;  lunette  prominent,  elongated. 

Fig.  12.  Trigonia  quadrata.  Nearly  square,  flat;  anterior  extremity  rounded ;  concentrically 
ribbed ;  each  rib  bent  at  a  right  angle  in  the  middle,  where  there  is  an  obtuse  knob. 

Fig.  13.  Modiola  reversa.  Transversely  elongated,  rather  flattened;  the  posterior  portion 
expanded ;  surface  ornamented  with  thin  concentric  ridges,  which  are  bent  back  or  reversed 
upon  the  shell.     In  some  individuals  they  are  worn  away. 

Fig.  14.  Mytilus  tridens.  The  hinge  is  furnished  with  three  unequal  teeth ;  elongated,  convex, 
carinated ;  beaks  pointed ;  the  surface  very  smooth.  The  teeth  distinguish  this  species  firom 
M.  edentulus  (Min.  Conch,  t.  439.  fig.  1.). 

Fig.  15.  Mytilus  prcelongus.  Hinge  without  teeth ;  shell  very  thick,  much  elongated,  keel- 
shaped.  It  approaches  to  M.  lanceolatus  (Min.  Conch,  t.  439.  fig.  2.) ;  but,  independently  of  its 
remarkable  thickness,  the  sides  are  nearly  parallel,  as  far  as  the  termination  of  the  hinge-line, 
which  is  marked  by  an  angle. 

Fig.  16.     Mytilus  intequivalvis.     Shell  broad;    one  valve  much  flatter  than  the  other;  both 

smooth. 

Fig.  17.  Perna  rostrata.  Ovate,  nearly  flat;  the  surface  very  smooth  ;  the  lesser  wing  pro- 
duced ;  the  shell  thin,  contracted  at  its  base.  Fragments  of  this  species  are  very  common  at 
Blackdown,  but  perfect  specimens  rare. 

Fig.  18.  Avicula  anomala.  Obliquely  elongated,  imperfectly  five-angled,  flat  along  the  middle; 
many  longitudinal,  narrow,  elevated  ridges  extend  over  the  surface,  and  are  crossed  by  fine  lines 
of  growth.  The  valves  are  very  deep,  together  measuring  about  l|  inch,  with  a  square  section; 
length  three  inches.     This  shell  1  believe  to  be  an  Avicula^  although  the  hinge  is  not  visible. 

Fig.  19.  Pecten  Millerii,  Oblong,  rather  convex  ;  radii  smooth,  sharp,  numerous,  especially 
towards  the  edge ;  close  together.  The  two  smaller  figures  represent  an  unusually  convex 
specimen. 

Fig.  20.  Pecten  compositus.  Oblong ;  with  about  20  smooth,  sharp,  radii,  and  two  rows  of 
scales  between  each  of  them. 

Fig.  21.  Limal  subovalis.  Rather  quadrangular,  elongated;  radii  very  numerous,  equal  to 
the  furrows  between  them,  and  ornamented  with  one  row  of  rather  obtuse  distant  scales. 

PLATE  XVIII. 

Fig.  1.  Pecten  Stutchburiensis.  Suborbicular,  compressed;  radii  more  than  GO,  alternattly 
smaller,  scaly  ;  those  towards  one  side  large  and  distant,  with  oblique  striae  between  them. 
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Fig.  2.  Terehraiula  dikUata.  Wider  than  long,  depressed,  imperfectly  three-lobed;  pkited, 
plaits  about  50,  sharp,;  central  lobe  elevated ;  beak  of  the  larger  valve  short  and  large.  This 
resembles  Terebratula  VespertiUo  of  Brocchi,  but  is  not  so  wide  nor  so  distinctly  three-lobed. 

Fig. 3.  Terehratula  megatremaU  Moderately  convex,  transversely  obovate;  with  a  few 
distinct  ribs.     The  beak  is  large  and  produced,  with  a  very  large  perforation :  whence  the  name. 

Fig.  4.  Dentalium  medium.  (An  inferior  figure  is  in  Min.  Conch,  t.  79.)  Subulate,  very 
slightly  curved,  striated ;  striae  sharp,  elevated,  alternately  smaller,  gradually  disappearing  towards 
the  aperture. 

Fig.  5.  Litorina  pimgetis.  Conical,  acute,  smooth ;  whorls  five  or  six,  the  last  inflated ; 
aperture  orbicular,  with  a  projecting  angle  above ;  columella  slightly  compressed.  This  species, 
probably,  belongs  to  a  group  of  shells  which  Lamarck  has  called  Ampullaria;  and  which  in  the 
Mineral  Conchology  is  referred  to  Natica,  but  in  the  Index  to  that  work  is  named  Globulus. 
The  columella  is,  however,  rather  different. 

Fig.  6.    Natka  canaUculata.    Species  the  same  as  PI.  XI.  fig.  12,  but  a  much  larger  specimen. 

Fig.  7.  Natica  granasa.  Subglobose  ;  spire  prominent,  pointed,  small ;  covered  with  spiral 
ridges  which  are  divided  by  the  lines  of  growth  into  rounded  granules ;  whorls  very  convex ; 
aperture  oblong,  expanded ;  umbilicus  open. 

Fig.  8.  Natical  carnuUa.  Oblong,  with  a  small  distinct  spire ;  surface  marked  with  five  pro- 
minent rugged  keels ;  aperture  large.  This  shell  appears  to  be  umbilicated,  but  is  not  perfect ; 
hence  the  genus  is  doubtful. 

Fig.  9.  Tomatella  affinii.  Ovate,  pointed ;  base  truncated ;  surface  grooved,  grooves 
crossed  by  lines ;  columella  with  one  simple  and  one  double  fold.  Very  like  Actean  (Tomatella) 
simulattu  of  the  London  clay,  (Min.  Conch,  tab.  163.  fig.  5.  to  8.)  but  more  elongated,  more 
acute,  and  smaller ;  yet  shorter  than  Tomatella  elongata,  (tab.  11.  fig.  1.). 

Fig.  10.  Vermeius  concavus.  (Min.  Conch,  t.  57.  fig.  1.  to  5.)  Tube  rounded,  curved  into  a 
depressed  spiral,  which  is  concave  beneath ;  the  whorls  united  by  an  expansion  of  the  shell  from 
the  sides.  These  figures  show  the  prolongation  of  the  tube  beyond  the  spiral  part,  which  is  not 
shown  in  the  Mineral  Conchology. 

Fig.  11.  Scalaria  pulchra.  An  acute  shell,  with  blunt  costae ;  whorls  ten,  close :  a  band  con- 
necting the  costae  passes  along  the  bases  of  the  whorls. 

Fig.  12.  Littorma  gracilis.  A  pretty,  elongated,  acute  shell,  with  round  whorls,  bearing  de- 
cussated furrows  on  their  upper  parts ;  aperture  round,  with  an  angle  at  the  base. 

Fig.  13.  Phasianella  pusHla.  Elliptical,  elongated,  pointed,  perfectly  smooth ;  aperture  ellip- 
tical, more  than  half  as  long  as  the  shell. 

Fig.  14.  Phasianella formosa.  Elliptical,  elongated,  rather  blunt;  smooth, except  a  few  striae 
at  the  base ;  aperture  more  than  half  the  length  of  the  shell. 

Fig.  15.  Phasianella  striata.  Elliptical,  pointed,  strongly  striated  ;  aperture  oval,  above  half 
the  length  of  the  shell.     This  is  like  Phasianella  princeps  (Defrance),  but  more  regularly  oval. 

Fig.  16.  Fustu  rigidus.  Fusiform,  costated,  transversely  striated  ;  costae  rounded,  roughened 
by  the  lines  of  growth ;  transverse  striae  prominent,  about  10  upon  each  whorl ;  whorls  five  or 
six,  swelled  in  the  middle,  compressed  at  the  upper  part ;  aperture  more  than  half  as  long  as 
the  shell,  elliptical,  pointed  at  both  ends ;  beak  variously  elongated.  The  individuals  of  this 
species  differ  much  in  length  and  asperity  ;  the  edge  of  the  aperture  is  frequently  reflected. 

Fig.  17.  Fusus  quadratus.  {Murex  quadratus,  Min.  Conch,  t.  410,  young.)  Fusiform,  rhom- 
boidal,  with  a  short  conical  spire,  transversely  striated  and  obscurely  bicarinated  ;  base  produced, 
conical ;  whorls  about  five ;  aperture  sub<-rhomboidal.  The  form  of  the  shell  is  fully  developed 
in  the  specimen  here  represented. 

TOL  IT. — SECOND  SERIES.  3  Y 
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Fig*  18.  Aficf  milacw.  Asliort,  ragged,  ovato-^boinboidalslieU;  with  lOor  ISribs,  eadiof 
wbich  11  ibrmed  into  two  knobs,  so  ammged  as  to  give  a  squareness  to  the  whork ;  traaaraiely 
striated ;  aperture  orate. 

Fig.  19.  Fiuui  ekUkraimt,  Snb-pyrifonn,  costated  and  transrersely  striated ;  four  carins 
crossing  the  oostae  divide  die  sor&ce  of  each  whoil  into  three  rows  of  cells ;  spire  Tery  shost. 
The  form  is  nearly  that  of  a  Pymla. 

Fig*  20*  Pjfmla  depntta.  Pyrifom,  with  the  spire  sank  beneadi  the  surface  of  the  last  whorl* 
Ornamented  with  many  transverse,  thread-shaped  ridges. 

Fig.  21*  Pynda  BrigktiL  Ovate,  snb-rhomboidal,  ventricose,  'transversely  hicarinated,  and 
coarsely  striated:  aperture  subHrhomboidal;  whorls  four  or  five.  Some  specimens  resembtefttsf 
fudraiuif  (fig.  17*);  hut  they  are  shorter,  have  fewer  and  more  thread-like  strisr,  sad  ercaated 
carinse. — ^Named  af^r  Richard  Bright,  Esq.  of  Ham  Green,  near  BristoL 

Fig*  22.  RoiUliaria  retusa.  A  short,  ovate,  striated  shell ;  whoils  rounded,  with  one  distinct 
and  one  obscure  carina  on  each.  It  has  only  one  elongated,  narrow  branch  to  the  1^  The 
sur&ce  between  the  strise  b  particularly  smooth. 

Fig* 25*  Ratiettana  maeratUmuu  Turrited,  with  convex,  carinated  whork;  cariass  five,  the 
middle  one  most  prominent ;  aperture  small,  round,  with  a  very  much  expanded  and  flattened  lip^ 
furnished  with  at  least  two  branches  besides  the  curved  beak. 

Fig.  24.  RosUUana  ParlMuom.  (Mantell ;  Geol.  of  Sussex,  t.  18<r  figs.  1,  2, 4^  5,  6,  and  10. 
Min.  Con*  t*  558,  upper  fig.  S.)  Turrited,  transversely  striated,  costated ;  costae  muncrous, 
oblique,  long ;  aperture  narrow ;  its  broad  lip  furnished  widi  one  large  subulate  process  directed 
upwards,  and  a  broad  angular  expansion  below  it ;  beak  long  and  subulate.  The  spednien,  of 
which  two  views  are  here  represented,  is  not  perfect,  but  yet  shows  the  form  of  the  shell  better 
than  any  before  published,  and  proves  that  Mr.  Parkinson's  specimen  from  Faversham  is  a  dif- 
ferent species,  although  figured  as  the  same  in  the  Min.  Conchology. 

Fig.  25.  Nassa  lineata.  Ovate,  acute,  wide  at  the  base,  transversely  striated ;  whorls  flattish, 
the  upper  edges  sharp,  distinct ;  aperture  longer  than  the  spire.  Several  species  from  the  crag 
of  Suffolk  somewhat  resemble  this ;  but  in  them  the  body  whorl  is  much  smaller. 

Fig.  26.  Nasta  costellata.  Subulate,  costated,  and  transversely  striated ;  whorls  about  eight, 
ventncose,  each  bearing  one  varix ;  aperture  nearly  orbicular ;  lip  thick. 

Fig.  27.  Ammonites  triseriaUs.  Discoid,  with  a  flat  margin,  umbilicate,  radiated.  Three 
rows  of  protuberances,  upon  the  marginal  portions  of  the  radii,  and  about  ten  tubercles  around 
the  umbilicus,  distinguish  this  species.  The  aperture  is  nearly  square.  All  its  parts  are  elegantly 
rounded. 

PLATE  XXI  • 

Fig.  1.  Cyjnis  Valdensis.  (C  Faba  ?,  Min.  Conch,  t.  485. — See  the  observations  on  the  specific 
names;  supra,  p.  177.)  Oblong-ovate,  convex,  punctated ;  front  slightly  concave  ;  at  one  ex- 
tremity of  each  valve  is  a  small  oval  lobe ;  back  hollow  between  the  valves.  It  is  very  doubtful 
whether  this  be  the  Cypris  Faba  of  Desmarestf ,  which  is  the  inhabitant  of  a  much  newer  fresh- 
water formation  than  the  Wealden,  and  appears  from  the  figure  to  be  of  a  somewhat  different  form. 
When  the  figure  in  the  Min.  Conch,  above  referred  to,  was  published,  the  author  was  not  aware 
of  there  being  more  than  one  fossil  species  of  Cypris,  and  supposed  that  the  minute  differences 

*  Plates  XIX.  and  XX,  containing  representations  of  Endogenites  erofa,  are  described  above, 
p.  172 — 176. :  see  also  hereafter,  p.  349. 

+  Bull,  de  la  Soc  Philom.  1813,  p.  259.  PL  IV.  No.  8. ;  Hist,  Nat.  des  Crustach  Foss.  p.  141. 
PI.  XI.  fig.  8. 
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whi(ji  he  himself  had  observed,  might  have  escaped  the  notice  of  Desmarest's  draughtsman ;  nor 
has  he  yet  seen  specimens  from  either  of  the  localities  given  by  that  author.  Besides  the  fossil 
species  of  Cypris  engraved  in  this  p)ate»  we  are  now  acquainted  with  five  others ;  one  in  the 
freshwater  formation  at  Hordwell,  (see  Lyell  in  Geol.  Trans,  vol.  iiL  p.  288.) ;  one  in  the  coal  of 
Newcastle,  {Cyfris  arcuata^  Bean  MSS,);  and  three  found  among  tertiary  marine  shells  of  a 
modem  period,  in  the  island  of  Java ; — though  the  last  possibly  may  belong  to  the  Cytherina  of 
Miiller,  a  genus  so  near  to  Cypris,  that  it  may  not  be  distinguishable  in  the  fossil  state,  and 
the  living  species  of  which  inhabit  the  sea. 

Fig.  2.  Cypris  iubercuUUa.  Discovered  by  the  Rev.  G.  E.  Smith  at  Seabrook  near  Hythe. 
Oblong-ovate,  convex ;  with  a  narrow  border  to  the  margin,  and  fyom  three  to  twelve  tubercles 
upon  the  surface.  The  defined  tubercles,  and  a  distinct  margin  distinguish  this  species  from 
C  Fo&i;  it  is  also  rather  broader  and  flatter;  but  the  general  form  and  the  number  of  the  tuber- 
cles are  variable,  as  well  as  the  division  across  the  middle  of  each  valve,  which  in  some  speci- 
mens, as  at  letter  a«,  is  so  reiparkable,  as  to  indicate  a  distinct  species,  or  even  genus.  More 
perfect  specimens,  however,  shown  at  6.  and  c.  are  quite  free  from  this  division ;  and  interme- 
diate forms  have  been  observed.  The  specimen  represented  in  the  upper  figure  at  a.  is  from 
Swanage  Bay  $  all  the  others  are  from  the  vicinity  of  Hythe. 

Fig.  3.  CyprU  ipmigera*  Discovered  by  Mr.  Lonsdale  in  the  Weald-day  of  the  Isle  of 
Wight.  Oblong-ovate,  broadest  at  one  end,  punctated ;  fiimished  with  a  single,  short,  conical 
spine  on  each  valve ;  by  which,  and  a  shorter  form,  it  is  distinguished  from  the  other  species. 
It  has  a  narrow  lobe  at  one  end  of  each  valve  of  the  same  kind  as  in  C.Faha.  The  specimens 
a.  are  from  Sandown  Bay ;   6.  from  Atherfield. 

Fig.  4.  Cypris  granulosa.  Oblong-ovate,  punctated ;  with  prominent  granules  upon  its  sur- 
face ;  the  lobe  at  one  end  observable  in  C.  Faba  is  wanting  in  this  species. 

Fig.  5.  Corbula  alata.  A  rather  gibbose,  smooth  shell,  with  the  posterior  side  produced  and 
truncated. 

Fig.  6.  PsammMal  TelUnoides.  {Psanmobia,  Mantell,  Geol.  S.£.  of  England^  251.)  SheU 
transversely  oblong-ovate ;  nearly  flat,  with  conspicuous  lines  of  growth.  There  are  a  few  longi- 
tudinal furrows  upon  the  posterior  side. 

Fig.  7.  Cyclas  parva*  Rather  thick,  smooth,  obovate,  approaching  lenticular ;  longer  than 
Cyclas  media.  The  larger  figure,  under  letter  a.,  is  magnified.  The  shell  is  found  in  great  pro- 
fusion in  the  Vale  of  Wardour.  In  the  specimen  represented  at  6.,  from  Dallard's  Farm,  (suprd, 
p.  259,  and  also  from  pits  at  Dashlet,)  the  shells  are  filled  with  the  crusts  of  a  small  smooth  Cjrpris. 

Fig.  8.  Cyclas  subquadrata.  Transversely  oblong,  with  straight  sides ;  strongly  marked  with 
lines  of  growth ;  flat  (perhaps  from  pressure).     Found  at  St.  Leonard's,  Sussex. 

Fig.  9.  Cyclas  elongata.  Transversely  elongated,  convex,  nearly  smooth;  postenor  ex« 
tremity  more  or  less  obliquely  truncated :  the  casts  of  the  outside  show  that  the  surface  is  finely 
striated  concentrically.  There  are  two  species  of  Cyclaa  in  the  specimen  of  slaty  clay  repre- 
sented in  the  upper  figure,  a.,  which  was  found  at  Etchingham  near  Robertsbridge  in  Sussex.  The 
same  forms  occur  also  in  the  ferruginous  sandstone  of  Langton  Green,  near  Tunbridge  Wells, 
with  Unio,  (see  below  PI.  XXI.  fig.  16.) ;  and  in  a  bed  of  clay  at  the  top  of  the  diffii  on  the  west 
of  Sc  Leonard's.  It  is  probable  that  the  rounder  species  is  Cyclas  parva.  Fig*  9.  6.  is  a  variety 
of  C.  elangaUit  from  HoUington  near  Hastings* 

Fig*  10.  Cyclas  media.  (Min.  Conch,  t.  6%7*  fig.  ft.)  A  large  specimen ;  with  another  showing 
the  hinge  and  its  single  tooth  under  the  beak*  Transversely  obovate,  depressed,  thick,  smooth ; 
anterior  side  small;  posterior  rather  pointed. 
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Fig<ll*  CycUu media:  var.  Gibbose ;  posterior  side  rather  cuneiform  and  truncated.  It 
has  the  appearance  of  being  a  little  distorted  by  age. 

Fig.  12.  Cyclas  angidata.  Transversely  ovate,  convex  ;  posterior  side  truncated,  and  sepa- 
rated by  an  angle  and  a  point.  A  wider,  thinner,  more  transverse,  and  larger  shell  than  C  media. 

Fig.  18.  Cyclas  major.  (Cyrena,  "  larger  species,"  Ann.  of  Phil.  N.S.  vol.  viii.  p*  376,  et  passim.) 
A  convex,  smooth  shell : — ^the  specimens  are  generally  so  imperfect,  that  their  size  is  almost  the 
only  character  to  be  observed. 

Fig.  14.  Unio  MafUeim.  Dorsal  and  ventral  margins  nearly  parallel,  straight;  valves  flat- 
tened, twice  as  wide  as  they  are  long ;   anterior  side  small,  rounded. 

Fig.  15.  Unio  subtruncatus.  Ovate;  valves  flattish,  thick,  with  obtuse  edges:  the  posterior 
extremity  obliquely  wedge-shaped. 

Fig.  16.  Unio  GuaUeru.  Nearly  square,  with  the  anterior  side  rounded ;  depressed ;  marked 
with  twice  bent  parallel  rugse ;  posterior  side  somewhat  eared.  The  only  fossil  species  known 
that  shows  to  any  extent  the  waved  rugse  so  frequent  in  the  recent  species  of  this  genus.  The 
depression  in  the  middle  is  not  constant. 

Fig.  17.  Unso  Marttnii.  Ovate,  rather  convex,  nearly  smooth,  posterior  side  pointed ;  urn- 
bones  not  &r  from  the  middle,  not  prominent. 

Fig.  18.  Mytilus  Lyellii.  Oblong-ovate,  somewhat  flattened,  especially  towards  the  front; 
convex  towards  the  pointed  beaks. 

PLATE  XXII. 

Fig.  1.  Exogyra  India.  Oblong,  convex,  nearly  smooth;  beaks  short,  curved.  The  laterally 
curved  beak  distinguishes  this  shell  from  the  Ostreae  of  the  same  beds.  Its  shape,  however,  is 
very  variable. 

Fig.  2.  Ostrea  distorta.  ("  Ostrea;  an  undescribed  species",  Ann.  of  Phil.  N.S.  vol.  viii.  p.  376.) 
Elongated,  narrow  towards  the  hinge ;  one  valve  flat,  both  nearly  smooth.  This  and  the  Exogyra, 
flg.  1.  occur  in  masses,  so  closely  grouped,  that  the  form  of  the  shells  can  seldom  be  traced. 

Fig.  3.  Bulla  Mantelliana.  {Bulla,  Mantell,  Geol.  S.E.  of  England,  249.)  A  smooth  cylin- 
drical shell,  nearly  twice  as  long  as  wide,  truncated  at  both  ends :  here  accompanied  by  a  small  Pa- 
ludina,  supposed  to  be  P,  elongata,  but  which  has  a  smaller  spire  than  that  shell  generally  has. 

Fig.  4.  Melanopsist  iricarinata,  {Melania  tricarinata,  Ann.  of  Phil.  N.S.  vol.  viii.  p.  376.) 
Subulate,  conical ;  whorls  seven,  carinated.  Three  carinas  occupy  the  exposed  portions  of  the 
whorls,  and  are  crossed  by  distinct  lines  of  growth ;  the  central  one  is  the  most  prominent.  More 
perfect  specimens  have  induced  me  to  remove  this  from  the  genus  Melania  to  Melanopsis. 

Fig.  5.  Melanopsis  ?  aitenuata.  Subulate,  elongated  ;  whorls  about  nine ;  with  several  carinae 
crossed  by  undulations,  strongest  at  the  upper  part  of  each  whorl.  The  length  is  in  proportion 
greater,  and  the  whorls  more  numerous  than  in  the  last  species,  fig.  4. 

Fig.  6.  Paludina  Sussexiensis,  Spire  an  elongated  cone,  with  nearly  straight  sides ;  whorls 
five,  smooth,  more  numerous  than  in  either  P,  Jluviorum,  Untat  or  carinifera  of  Min.  Conch. 
There  are,  probably,  several  other  species  of  Paludina  in  the  Wealden  strata. 

Fig.  7.  Nerilina  Fittonii.  (Mantell,  Geol.  S.E.  of  England,  p.  248.)  Convex;  tricarinated ; 
aperture  large ;  spire  very  small.  The  specimens  do  not  show  the  aperture,  and  are  hardly  suf- 
ficient to  prove  this  shell  to  be  a  Neritina  rather  than  a  Nerita.     The  lowest  figure  is  magnified. 

Fig.  8.  Tornatella  Popii,  Elliptical,  pointed,  smooth  ;  spire  small,  of  about  three  whorls. 
The  cast  shows  two  plaits  upon  the  columella.  Named  from  the  Rev.  W.  L.  Pope,  of  Tonbridge 
Wells. 
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Fig.  12.  Lueina Partlamdiea.  Orbicular,  compressed;  surface  finely  striated  concentrically. 
Very  like  Lueina  amceniricat  (Annales  du  Mus.  tome  vii.  p.  238,  and  tome  xii.  PI.  XLII«  fig.  4. 
a.  6.),  but  much  more  neatly  striated ;  as  shown  by  the  cast  of  the  outer  surface,  represented  in 
the  lower  figure,  which  is  from  the  Isle  of  Portland.     The  upper  figure  is  from  Swindon. 

Fig.  13.  Cytherea  rugosa.  Subtriangular ;  posterior  extremity  and  beaks  pointed ;  valves  very 
convex  near  the  beaks ;  outer  surface  concentrically  furrowed,  furrows  most  numerous  on  one  side. 

Fig.  14.  Trigoma  incurva*  (7.  tnciiroo,  Benett,  Wiltsh.  Fossils,  tab.  xviii.  fig.  2.)  Convex,  flat- 
tened posteriorly,  transversely  much  elongated;  surfiice  tuberculated  ;  width  more  than  twice  the 
length.  Since  this  Plate  was  finished,  I  have  seen  specimens  from  Brill,  retaining  the  shell,  which 
is  tuberculated,  as  in  T.  clavelkUa,  but  the  tubercles  are  smaller. 

PLATE  XXIII. 

Fig.  1.  Ostreafakata.  Elongated,  curved  towards  the  posterior  side ;  one  valve  fiat,  thick ; 
the  other  unknown. 

Fig.  2.  Nerita  angulata.  {Nerita^  2nd  species ;  Benett's  Catalogue,  p.  4.)  Subglobose  ?  ;  with 
a  single  carina ;  spire  rather  small,  obtuse ;  aperture  oblong.  This  cast  shows  the  muscular  im- 
pression very  distinctly. 

Fig.  S.  Natica  ekgans.  Ovato-rhomboidal,  smooth ;  spire  small,  pointed ;  whorls  four  or 
five,  rather  angular,  their  uppermost  edges  rounded ;  aperture  more  than  two  thirds  of  the  length. 
The  shell  in  this  specimen,  whose  form  is  well  preserved  in  silex,  is  very  thin  and  smooth. 

Fig.  4(  Buccinum  naticaide.  {Ampullaria  elongata,  Benett's  Catalogue,  p.  2.)  Ovate,  smooth, 
thick;  spire  produced ;  whorls  four  or  five,  their  upper  edges  rounded,  the  last  whorl  ventricose ; 
aperture  ovate,  two  thirds  the  length  of  the  shell ;  spire  longer  than  in  the  last  species ;  shell  very 
chick. 

Fig.  5.  Buccmymt  angulatum.  Fusiform,  short ;  sides  of  the  spire  straight ;  the  last  whorl 
has  one  keel  in  the  middle ;  aperture  rhomboidal,  with  a  short  rounded  beak.  In  the  produced 
beak,  this  specimen  approaches  to  the  genus  Fusus,  but  the  canal  appears  to  be  too  broad.  The 
external  form  has  not  been  seen. 

Fig.  6.  Tcrebra  Partlandka.  {Turritella,  Smith,  Strat.  Ident.  Portland-plate,  fig.  2.)  Tur- 
ritedy  longitudinally  striated ;  whorls  rather  concave  near  the  upper  edge,  where  they  have  also 
longitudinal  furrows ;  aperture  acutely  elliptical ;  beak  very  short,  curved.  A  very  common 
species  in  the  Portland  stone ;  where,  however,  the  form  of  the  aperture  is  rarely  seen.  Here,  it 
is  preserved  in  chalcedony. 

Fig.  7.  Serpula  variabiiis,  A  cylindrical,  rugose  sheU ;  with  a  considerable  portion  of  the 
tube  unattached,  and  an  irregular  suture  on  one  or  more  sides.  When  young,  the  attached  por- 
tion is  triangular. 

Fig.  8.  Serpula  triserrata*.  A  thick,  externally  triangular,  attached  tube ;  with  three  thin, 
serrated  keels  upon  the  upper  angle.     Attached  to  a  portion  of  Ostrea-deUoidea. 

Fig.  9.  Mya  depressa,  var.  Oval,  compressed,  smooth,  twice  as  wide  as  it  is  long.  A  much 
wider  specimen  than  that  figured  in  Min.  Conch,  t.  41 8.     Intermediate  forms  are  also  met  with. 

Fig.  10.  Exogyra  Virgula;  Goldfuss,  tab.  Ixxxvi.  fig.  d.  {Grypfuea  Firgula,  Defrance.)  Much 
elongated,  arched ;  one  valve  convex,  the  other  concave  or  flat ;  convex  valve  marked  with  ele- 
vated lines;  by  which  the  species  is  well  distinguished* 

*  This  specific  name  is  substituted  for  **  tricristata,"  given  to  fig.  8,  at  p.  231 ;  the  latter 
having  been  appropriated  by  Goldfuss  to  a  different  species,  from  the  lias  near  Bantz. — (See 
Goldfuss,  p.  226.  tab.  Ixvii.  fig.  6.) 
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Fig.  11.  Trigoneltites  lotus  Parkinson*.  ( — IchtkyottagcMes  probtematicust  Dr.  Ruppellf; 
Aptychu  Uevisy  Von  Meyer^.)  Oblong,  triangular,  compressed;  one  edge  and  one  angle  roonded ; 
the  longest  edge  flattened;  one  surface  concave,  striated;  the  other  nearly  flat,  smooth,  but 
marked  with  numerous  minute  circular  pits ;  tissue  cellular*  I  have  just  learnt  from  a  specimen 
lent  by  Mr.  Bean,  that  fig.  18.  in  PI.  V.  of  Phillips's  Geology  of  Yorkshire,  is  a  species  like 
this.  It  is  referred  by  Mr,  Phillips  to  the  Oxford  clay ;  but  Mr.  Bean  observes  that  he  has 
had  the  same  fossil  from  the  Kinmieridge  clay  of  Shotover  Hill.  A  larger  species  is  found  at 
Scarborough,  perhaps  the  same  as  that  before  us.  (suprit,  pp.  273,  292,  and  SI 6.) 

Dr.  Fitton,  by  whom  the  specimens  here  represented  were  found,  in  clay,  near  Whitchurch 
in  Buckinghamshire,  and  at  Southrey  between  Cambridge  and  Ely,  {supr^f  pp.  27d,  292,  and 
3 16,) remarks:  "  When  I  found  this  fossil  in  1827, 1  was  unacquainted  with  the  publications  then 
"  relating  to  it,  and  those  of  Dr.  Riippell  and  Mr.  Von  Meyer  had  not  appeared ; — ^but  so  far  as 
"  I  can  recollect*  there  was  nothing  in  the  circumstances  attending  these  remains  that  could  illus- 
*'  trate  their  origin  and  connexions.  Along  with  them  I  found  in  Buckinghamshire  Gryphxa  Vtr^ 
"  gulot  but  no  Ammonites  :  in  Cambridgeshire,  Ammonites  Lamberti  is  mentioned  as  occurring 

at  the  same  place  (p.  316.).    The  valves  of  the  fossil,  like  those  of  the  Gryphsea,  at  both  places 

lay  in  the  clay  which  contained  them,  as  detached  shells  might  be  expected  to  do,  if  they  had 

been  lodged  confusedly  in  soft  mud.  Smaller  and  thinner  valves,  perhaps  of  a  different  species, 
"  accompanied  the  larger  specimens  at  Whitchurch^  Bucks." 

"  Of  the  many  names  given  to  this  fossil,  I  have,  after  some  hesitatiqn,  retained  that  of  ZW- 
**  gonelUteSt  which  indicates  no  more  than  form ;  the  relations  of  these  singular  bodies  being  still 
''  obscure.  As  the  valves  are  very  often  found  detached,  the  term  may  be  used  provisionally,  or 
"  even  ultimately  remain,  as  a  convenient  denomination ;  in  the  same  manner  as  Belemtntes  con- 
"  tinues  to  be  employed,  although  the  bodi(»  to  which  that  appellation  is  given,  are  no  more  than 
'*  subordinate  portions  of  some  complex  structure." 

"  If  the  fossils  represented  in  Plate  XXIII.  be  truly  of  the  same  species  with  those  of  Solen- 
'*hofen,  their  identity  is  deserving  of  notice,  geologically." 

Fig.  12.  Nerinea  GaodhalUL  Turrited,  smooth  ;  whorls  numerous,  half  as  long  as  they  are 
wide,  concave.  There  are  three  plaits  in  the  interior,  one  upon  the  columella,  one  opposite  to  it, 
and  one  above  it  within  the  whorl ;  aperture  rhomboidal.  The  section  represented  in  the  left 
hand  figure  shows  the  generic  character.  The  same  species  but  much  larger,  is  found  in  the  Bou- 

*  **  Organic  Remains  &c.,"  vol.  iii.  Plate  XIII.  fig.  9.  and  12. 

t  Ahhildung  und  beschreibung  einiger  neuen  oder  wenig  gekannten  Versteinerung,  aus  den 
Kalkschiefer  Formation  von  Solenhofon:  von  Dr.  Ed.  Riippell, — 4to,  Frankfurt,  1829.  Since  this 
sheet  has  been  at  the  press,  (July  1836,)  a  short  paper  by  Dr.  Riippell  has  appeared  in  the  Lon- 
don and  Edinburgh  Philosophical  Magazine,  (July  1836,  vol.  ix.  p.  32,  &c.),  to  which  I  wish  to 
refer  the  reader.  Dr.  Riippell  regards  the  two  species  of  Parkinson's  Trigonellites,  as  belonging 
to  distinct  genera :  in  one  of  which  {T.  lamellosus.  P.)  he  supposes  the  valves  to  have  formed  the 
opercula  of  an  animal  somewhat  resembling  an  Ammonite,  but  destitute  of  septa  :  this  he  proposes 
to  denominate  Pseudammonites,  For  the  second  genus,  (to  which  the  specimens  represented  in 
Plate  XXIII.  appear  to  belong,)  Dr.  Riippell  retains  the  name  of  IchthyosiagoneSy  originally  used 
by  Bourdet ;  and  in  this  case  the  valves  appear  to  have  been  internal  shells,  in  large  elliptic  mus- 
cular masses,  the  structure  of  which  has  not  yet  been  brought  to  light.  Subsequently  to  the  pub- 
lication of  Dr.  Riippell's  first  memoir,  Mr.  Von  Meyer,  in  a  paper  referred  to  below',  proposed  a 
different  view  of  the  relations  of  these  bodies ;  and  gave  the  name  of  Aj^tychus  to  a  genus  compre- 
hending all  the  different  forms. 

•  Acta  Acad,  Leop,  Carol.  Nat.  Cur,  vol,  w.  Part  II.  Read  October,  1829;  pp.68 — 125. 
tab.  Iviii.  fig.  1,  2,  4. 
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lonnois ;  where  abo  other  smaller  species  of  this  genus  occur.  This  species  is  named  after  the 
late  Mr.  Goodhall,  F.6JS«,  an  indefatigable  collector  of  fossik,  and  remarkably  liberal  in  a£brding 
the  use  of  them  to  inquirers. 

The  Wood-cut  at  p.  129.  represents  a  portion  of  Nautilus  plicaius,  one  third  of  the  original  size. 
The  parallel  linear  furrows  which  pass  over  the  whorls,  are  bent  three  times  at  acute  angles,  once 
on  each  side  and  once  in  the  middle,  the  central  angle  being  directed  backwards.  There  is  often 
some  irregularity  in  the  junction  of  the  lines  at  the  angles. 

* 

APP.  A*. 

FIGURES  OF  VEGETABLE  REMAINS. 

SphenopterU  graciRs. — ^The  wood-cut  at  p.  181  represents  the  impression  of  a  species  of  fern, 
discovered  in  the  Hastings-sands,  near  Tonbridge  Wells,  by  the  Rev.  W.  L.  Pope  of  that  place. 
It  has  been  re&rred  to  the  gepus  Sphenopteris  of  Adolphe  Brongniart*,  notwithstanding  its  acu- 
minate pinnulse,  and  a  certain  degree  of  resemblance  to  Odontopieris  mtnor,  (Brongn.  Veg.  Foss. 
PL  IxxviL),  on  the  ground  of  its  apparent  affinity  to  Sphenopteris  MarUelU  (Ibid.,  p.  170.  Pl.xlv. 
fig.  3 — 7) ;  its  pinnuke  having  a  midrib,  but  no  lateral  yeins.  This  specimen  was  accompanied 
by  the  impression  of  a  species  very  nearly  allied  to,  and  periiaps  no  more  than  a  variety  of, 
Sphenopteris  MantellL 

PLATES  XIX.  AND  XX. 

Endogerdtes  erosa. — ^The  description  of  the  plates  representing  the  external  form  and  internal 
structure  of  this  singular  fossil  will  be  found  above;  (85.)  to  (89.),  p.  172, 176.  Afler  those 
pages  had  been  printedt  two  remarkable  varieties  of  the  form  were  discovered,  in  cutting  down  the 
clifl^  near  the  White  Rock  at  Hastings ;  in  which  the  stony  nucleus  was  not  only  very  irregular 
in  figure,  but  apparently  divided  into  fiat  lobes,  disjoined,  or  scarcely  connected  by  very  thin 
flakes  of  stony  matter ;  the  whole  being  externally  coated  with  lignite,  which  occupied  the  en- 
tire thickness  of  the  fossil  in  the  intervals  between  the  lobes.  The  form  and  mode  of  connexion, 
or  apposition,  of  these  stony  nuclei,  when  divested  of  their  covering,  were  such  as  to  suggest  a  com- 
parison with  some  varieties  of  Cactus. 

PLATE  XXII. 

All  that  is  known  of  the  Cones  and  cone-shaped  body.  Figures  9,  10,  and  11,  of  this  plate,  is 
mentioned  in  the  list  of  fossils,  at  pages  181,  2d0,  and  290.  A  section  of  that  represented  in 
fig.  11.  on  its  longer  diameter,  did  not  exhibit  any  indication  of  vegetable  structure  :  but  the  ge- 
neral resemblance  in  the  outline  and  aspect  of  this  specimen  to  part  of  the  reduced  figure  of 
Zamia  horrida  given  in  Dr.  Buckland's  plate,  (Greol.  Trans,  find  Series,  vol.  ii.  PI.  xlviii.  fig.  4.) 
is,  perhaps,  deserving  of  notice. 

A  Cone  has  recently  been  found  on  the  shore  of  the  Isle  of  Portland,  not  improbably  derived 
from  one  of  the  beds  of  clay,  or  "  Dirt",  subordinate  to  the  lower  part  of  the  Portland  strata, 
the  structure  of  which,  according  to  Mr.  Brown,  approaches  in  some  respects  to  that  of  Arau- 
carta.  I  am  indebted  to  the  kindness  of  the  Rev.  David  Williams,  of  Cross,  near  Bleadon  in  So- 
mersetshire, to  whom  it  belongs,  for  an  <^portunity  of  submitting  this  beautiful  specimen  to  the 
exammation  of  Mr.  Brown,  who  will,  I  hope,  describe  its  structure  in  the  Transactions  of  the 
Linnsean  Society* 

*  Prodrome,  &c.,  p.  BO^^Hist.  des  VSg.  Fossiles^  p.  169. 
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LIST  OF  HEIGHTS.* 

The  following  list  may  be  useful  to  those  who  examine  the  country  described  in  the  preceding 
paper,  by  furnishing  some  points  of  known  elevation,  from  which  it  will  be  more  easy  to  estimate 
the  surrounding  altitudes,  than  if  the  entire  heights  above  the  sea  were  to  be  conjectured. 

The  height  of  the  tides  upon  the  English  coast  is  influenced  by  so  many  variable  circum- 
stances, that  in  selecting  a  zero  for  a  list  of  heights,  some  permanent  natural  or  artificial  mark, 
of  easy  access,  is  very  much  to  be  preferred  to  the  level  of  the  sea,  either  at  high  or  at  low 
water ;  the  latter,  especially,  being  objectionable,  from  the  greater  difficulty  of  ascertaim'ng  it, 
and  from  its  being  frequently  concealed.  On  this  point,  I  am  supported  by  the  opinion  of 
Mr.  Lubbock,  whose  publications  on  Tides  give  great  weight  to  his  authority.  In  the  subjoined 
lists,  therefore,  I  should  have  adopted,  as  the  common  point  of  reference,  one  of  the  standard 
marks  hereafter  mentioned,  had  not  the  heights  obtained  during  the  Ordnance  Survey,  and  some 
others  mentioned  below,  been  all  referred  to  the  level  of  the  sea  at  low  water ;  while,  as  the 
mode  in  which  that  point  was  determined  is  unknown  to  me,  I  have  thought  it  best  not  to  make 
any  change  in  the  original  measures,  by  conjectural  reduction. 

The  Tide-marks  on  the  Thames,  in  London  and  its  vicinity,  which  are  referred  to  in  legal  pro- 
ceedings, and  which  form  the  base  line,  or  "  datum  ",  of  many  of  the  railroad  sections,  have  been 
derived  from  a  long  series  of  observations  on  the  depth  of  water,  first  made,  I  believe,  at  the 
East  India  Docks,  by  Capt.  Huddart,  and  subsequently  at  the  London  Docks;  from  which 
latter  place,  marks,  corresponding  to  the  average  spring  tide  high-water  mark,  have  been 
transferred  by  levelling,  to  most  of  the  bridges,  and  to  the  lock  on  the  Thames,  at  Teddington 
above  Richmond,  which  is,  at  present,  the  farthest  range  of  the  tide.  The  time  of  high  water 
varies  a  little,  at  different  points  along  this  interval,  but  the  ultimate  heights  are  supposed  to  be 
the  same  throughout. 

In  the  year  1830,  Mr.  Lloyd  having  fixed  a  standard  mark  at  the  Sheerness  dockyards,  found 
the  mean  rise  and  fall  of  the  spring  tides  at  that  place  to  be  17*6150  feet;  and  of  neap  tides 


*  The  exact  determination  of  heights  is,  by  geologists,  regarded  as  of  small  importance ;  but  the 
judgment  upon  this  subject  is,  perhaps,  unconsciously  influenced  by  the  difficulty  which  attends  it; 
since  if  we  could  measure  heights  as  easily  as  horizontal  distances,  it  cannot  be  doubted  that  the 
former  would  be  recorded  and  reasoned  upon  more  frequently.  As  geology  advances,  it  becomes 
more  and  more  necessary  that  none  of  the  elements  which  enter  into  the  physical  history  of  the  globe 
should  be  neglected ;  and  it  is  probable  that  many  important  inferences,  not  at  present  foreseen, 
might  result  from  a  correct  acquaintance  with  the  levels  throughout  large  portions  of  the  earth's 
surface.  Already  it  has  been  ascertained  in  Sweden,  that  the  land  has  been  gradually  raised 
within  a  few  years,  by  a  small  but  very  perceptible  quantity  ;  and  in  all  countries,  especiaUy  those 
subject  to  earthquakes,  it  is  a  point  of  great  interest  to  determine  whether  the  relative  levels 
of  the  sea  and  land,  are  truly  as  permanent  as  they  are  supposed  to  be.  In  the  Survey  now  in 
progress  in  Ireland,  and  in  the  operations  for  a  new  map  of  France,  the  heights  are  carefully 
ascertained  and  inserted  on  the  maps  :  perhaps  it  may  still  be  hoped,  that  some  general  system 
will  be  adopted  for  connecting  the  measurement  of  heights  in  England  with  the  Ordnance 
Survey.  In  the  mean  time  it  is  satisfactory  to  find  that  at  the  late  meeting  of  the  British 
Association  for  the  Advancement  of  Science,  (August,  1836),  a  committee  was  appointed,  and  a 
portion  of  the  funds  placed  at  their  disposal,  (small,  it  is  true,  with  reference  to  the  object),  for 
the  purpose  of  devising  and  conducting  observations  on  the  relative  level  of  the  land  and  sea 
upon  our  coasts. 
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1 1-320  feet ;  hU  mark  (called  the  "  North  Standard"),  being  4-0661  feel  above  the  mean  Itvd 
of  high  waicr,  and  31-6811  feet  aliovc  that  of  low  water  at  spring  tides.  He  then  ascertained 
by  very  careful  levelling,  the  heights  above  the  standard,  of  several  points  in  the  vicinity  of 
the  Thames,  between  Sheemcss  and  London  • :  whence  it  appears  that  what  is  called  the  '"  Triniti/ 
■'  h'gh-nater  mark,"  at  the  London  Dockt,  "J^-  ("answering  to  XXI [1.  of  the  indices 

*' marked  on  the  south-west  side  of  the  entrance",)  is  2-0112  feet  below  bis  "North  standard," 
and  consequently  19*6699  feet  above  low-water  mark  at  Sheerness.  The  lasl-meniioned  quan> 
tity,  therefore,  must  be  added  to  the  height  of  any  station  above  the  Trinity  mark,  at  the  London 
Docks,  in  order  to  obtain  the  height  of  the  same  station  above  the  sea  at  low-water  at  Sheerness. 

The  places  in  the  South-East  of  England  mentioned  in  the  subjoined  lists,  are  grouped  in  iLe 
order  of  the  counties  referred  to  in  the  preceding  pages,  beginning  on  the  north.  The  names 
arc  disposed  alphabetically.  The  heights  are  expressed  in  feet  and  decimals  of  a  foot.  The  au- 
thorities and  references  to  them  are  the  following  : 

1,  "  0." — An  alphabetical  list  of  all  ihc  heights  ascertained  during  the  progress  of  the  Ord- 
nance Survey,  given  in  the  official  account  of  that  operation,  published  in  ISllf,  calculated 
from  the  level  of  the  sea  at  low  water.  The  places  of  the  stations  are  mentioned  in  tlie  Phil. 
Trans,  for  ISOO,  pp.  576  to  £83;  and  in  the  "  Account,"  above  mentioned,  pp.  70  to  81. 

3,  "C." — Bradshaw'a  maps  of  the  canals  and  navigable  rivers  in  the  midland  counties  of  En- 
gland, in  three  parts.  7'lie  heights  are  taken  from  low  mater  at  Liver]>ool,  (at  a  point  6  feet 
10  inches  below  the  sill  of  the  Old  Dock);  which  point  is  stated  to  he  SI  feet  below  the  Trinity 
House  Aig/i-nrofer  mark  at  the  London  Docks,  and  consequently  1*331  feet  beneath  low-water 
mark,  mean  spring  tides,  at  Sheerness,  according  to  Mr.  Lloyd, 

3.  "  M." — A  manuscript  list  of  heights,  principally  in  Cambridgeshire,  ascertained  by 
Mr.  M'Lauchlan,  of  the  Ordnance  Survey,  and  Mr.  Gbisher  of  Cambridge,  and  for  which  I  am 
indebted  to  the  former  gentleman.  In  this  list  (which  is  no!  an  oiBcial  document,)  the  heights 
are  counted  from  the  level  of  the  rea  at  low  water,  in  Lynn  Deepa. 

4.  "  B." — A  MS.  list  of  heigbta  above  the  sea  at  low  water,  ascertained  by  the  late  Mr.  Bevan 
of  Leigbton,  for  which  1  am  indebted  to  his  aon,  Mr.  Sevan  of  Wellingborough,  and  to  Mr.  Mkt- 
thcwa  of  Leightoo. 

5 .  "  W."—k  short  list  of  heighw  in  the  Isle  of  Wight,  subjoined  to  Mr.  Webster*!'  letter  to  Sir  H . 
Englefield.  Then  are  chiefly  barometrical,  and  from  their  being  connected  with  some  of  the  mea- 
surements of  the  Ordnance  surrey,  it  is  probable  that  the  zero  was  low-water  mark. 

*  Phil.  Trans.  1831  ;  p.  167  et  teq.  Mr.  Lloyd  (p.  190,)  "  concluded  hia  levellings  at  a 
"  standard  mark  at  the  landing-place  on  the  north-east  side  of  the  Neie  London  BriJgti'' 
which  "  mark  was  2'S967  feet  below  the  North  Standard  mark  at  Sheerness ;  "  and  conse- 
quently 0*3855  foot,  (=  4-62C  inches),  below  the  Trinity  mark  at  the  London  Docks.  The 
mark  here  referred  to  is  a  flat  piece  of  brass,  let  into  a  cavity  in  one  of  the  two  large  flags  or 
slabs  of  granite,  which  form  the  landing-place  at  the  bottom  of  the  second  flight  of  steps,  de- 
scending from  the  footway  on  the  north-east  side  of  the  bridge.  The  upper  flight  consists  of  S9 
steps  ;  the  second,  at  the  foot  of  which  is  the  mark,  of  36  ;  the  lowest  flight  is  commonly  more  or 
less  concealed  by  the  water.  The  cavity  in  which  the  mark  is  lodged,  is  about  3  inches  square, 
with  rounded  angles ;  and  is  two  feet  from  the  eastern  wall  or  side  of  the  bridge,  and  2  feet 
8  inches  from  the  southern  edge  of  the  stone.  The  surface  of  the  brass  is  about  half  on  inch 
beneath  that  of  the  stone,  which  is  itself  a  few  inches  below  the  level  of  the  water  at  high  spring 
tides. 

t  "An  account  of  the  Trigonometrical  Survev,  &c.  1800,  to  1809;  by  Lieut-Col.  Mudge,  and 
"Capt.  (now  Lieut.-Col.)  Thomas  Colby,  It. E.";4to,  1811,  vol.  i.  p.  299—311.  This  work  refers 
to  the  previous  publications  in  the  Phil.  Trans,  for  1795,  1797,  1800,  and  1803,  and  carries  on 
the  account  of  the  operations  to  the  end  of  1811. 
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6.  **  F."— A  small  number  of  heights  upon  the  coast  of  Kent  and  Sussex  ascertained  by  myself, 
from  observations  with  excellent  barometers  and  thermometers  by  the  late  Mr.  Carey.  The 
lower  station  in  these  observations  was  either  the  shore  itself,  (the  height  of  the  barometer,  below 
or  above  the  spring-tide  high  or  low  water  marks«  being  estimated), — or  the  drawing-room  floors 
of  the  houses  at  Sandgate  and  Hastings,  in  which  I  resided,  the  height  of  which  above  the  sea 
was  ascertained  by  a  mean  of  several  observations,  sometimes  checked  by  comparison  with  more 
elevated  stations  measured  directly  from  the  shore,  and  again  from  the  houses.  The  variation  of 
the  tides  at  Sandgate  was  assumed  to  be  the  same  as  at  Dover,  =  18*30  feet,  and  at  Hastings, 
:=  %\'50  feet;  which  Capt.  Beaufort,  by  whom  I  have  been  favoured  with  these  numbers,  states  to 
be  respectively  the  mean  derived  from  a  series  of  observations  at  those  places,  in  1834  and 
1835. 


Stations. 


Norfolk. 

Denver  Sluice,  near  Downham  Market, 
above,  the  Deeps  at  Zyfi»    


Cambridoesrire. 

Aldreth  station,  between  HadJenhamMiUs 
and  Aldreth O. 

Balsham  Ord.  Station O. 

Steeple,  (top)   M. 

BarUm  Hill,  between  Madingley  and  Bar- 
ton     M. 

Brandon  Station  (Suffolk) M. 

Burwell  Steeple,  bottom M. 

Cam  BRiDOE,  level  of  the  Cam M. 

'  South  Chimney  of  St,  John't 
College M. 

'  Observaiorv,  top  of  the  Dome.  M. 

Chanel  Bush,  Hazliiifi[field M. 

Cherry  Hinton,  Chalc-pits M. 

Cottenham  Steeple,  top M. 

Duxford-Pen,uux£oTd : — (Duxtt^orM^Ord. 
map) M. 

Elff,  Water  at  the  Bridge  M 

,  ffround  at  Cathe£al M. 

,  Top  of  the  Tower M. 

AttoMm  Windmill M. 

Oog  Magog  clump  M. 

,  Telegraph  Station   O. 

Haddenham  Steeole,  (bottom)  M. 

Hardwick  Spire  (oottom)  M. 

King*9  Hedges,  cross  roads  in  the  Roman 
Way M. 

Linton,  Rivey  Wood,  (top) O. 

Madingley  Station    O. 

Maggott  Mount,  obelisk M. 

Newmarket,  Four-mile  Stable    M. 

,  Ordnance  Station O. 

Orwell  Station O. 


Above 
the  sea 
at  Low 
Water. 


Feet. 


122 
380 
410 

175 
190 

96 

24'50 

71-25 
123-50 
220 
150 
116 

372 

14 

75 
290 
140 
250 
260 
133 
225 

55 
387 
188 
152 
180 
267 
255 


Stations. 


Quy-cum-Stow  Steeple,  (bottom)    M. 

Swaffham  Bulbeck,  Mills    M. 

Prior,  MiUs    M. 

Soham  Steeple,  (bottom) M. 

Stuntney,  near  Ely M. 

Sutton  Steeple  (top).    The  tower  is  said  to 

be  108  feet  high M. 

Thorney  Hill,  near  Ely  M. 

Wicken  Steeple,  (bottom)  M. 

Wdburton  Steeple,  (bottom)  M. 

Witcham  Steeple,  (bottom) M. 

Bedfordshire. 

Brogborough  House  (chimney),  near  Led- 
lington    B 

Dunstable;     hill   above   Zouche's  farm, 
east  of  the  town O. 

Grange  Mill^  Leighton  Heath    B. 

HockUffe  Church,  battlements B. 

Ivinyhoe  Church,  top  of  spire B. 

Leigh  ton  Buzzard  churchyard    B. 

,  Grand  Junction  Canal  \ 


mile  south  of  the  town B. 

Turnpike  between  the 


town  and  Wing B. 

Mile    Bush,    between 


Leighton  and  Soulbury   B. 

-,  Canal  level  from  Stoke- 


Hammond  Lock,  to  the  three  Locks  at 
Soulbury   C. 

Lidlington  Mill  Hill B. 

iMentmoref  ground  near  the  church B. 

Overend  Green^  east  o£  Reach B. 

Ridgmont  Castle,  hill  B. 

Shire  Ash,  on  the  road  between  HockUffe 
and  Woburn B. 

Toddington,  ground  near  the  Church B. 

Tottenihoe-Castle  hill B. 

Woburn  Church,  (battlements)   B. 


Above 
the  sea 
at  Low 
Water. 


Feet. 

84 
130 
140 

62 

60 

174 

50 

58 
122 

55 


395 

850 
386 
468 
503 
300 

281-75 

465 

453 


256-75 

450 

425 

482 

420 

544 
515 
540 
479 


*  It  will  be  found  that  some  of  the  heights  mentioned  in  the  text  of  the  preceding  paper,  differ  from  those 
of  the  lists  here  subjoined,  having  been  calculated  from  an  estimated  mean  level  of  the  sea,  instead  of  the  level 
at  low  water.  The  difference  is  one  half  the  mean  variation  of  the  spring-tides  at  the  respective  places  men- 
tioned. 
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N  oat  n»>iPTON«»  hie. 
Arbvr^  Hill,  near  DaveDtiy 

HKKTl'OfttlBailtE. 

Barktmty  Windmill :  top _. 

flcrjtiampiieoi/.geiieranevelof  thcVale..,B. 

,   adi  scent    hiUa,    general 

level   B. 

Brii^tiealtr  Monumml,  (galleiy)   B. 

SurUy  ffill,  ncu  Royilon O. 

Great  ChiihoU,  (Bteeple)    M. 

Htydon  ffill,  CiutUil  Down M. 

Keniaorth,  hi]]  Dear  Dunatable O. 

LiUfs  hoe,  Ord.  Station O. 

RickmaniwOTlk,  current  B. 

Royilon,  Ord.  Sution 0. 

7"Aar/i««  Windmill.  {Downs) O. 

Two-tnattrt,  Grand  JunctioD  Canal B. 


Buei 

AyUtbury,  Grand  Junction  Couol  C. 

-■ ,  church,  lop  of  spire    B. 

Great  BiUington,  hilt  near  church  B. 

Bow  DrickhiU,  Ordnance  Station   O. 

,  Church  battlemenEa   B. 

BrlU;    Stdthiil,  north-eoat  or  the  town, 

(lowtrthMi  the  church) O. 

Backingkam;  level  of  Canal   C 

ChedJington,tb.\aiAt,  top  of  tower  B. 

Craahy,  North,  church  battlements B. 

Ftnny  Stratford,  level  of  cdnal   B. 

,  <lo  Stoke  Hammond  lotk).C. 

Mutwell  Hill,  Ordnance  Station O. 

Newport  Pagneli,  (canal)    C. 

,  canal  near,  from   Wol- 

verloH  to  WooUton,  by  Great  Linford„.C. 

duaititOH,  Ordnance  Statdoo    O. 

SUnkUy,  ^ound  near  the  church  B. 

Stony  Stratford,  canal  level,  from  Th\ 

ton  Park    

TViRjt,  (canal  to  Wtndoser,  Buoim  it  level) .  C. 
Wmlnver  Mill,  Grduoncc  Station  " 

JF'niyi-otw,  Church,  lop  of  tower ., 


OxFORDIUIRE. 

Abinglon;  canal,  above  the  lock  at  Horte- 

Miy 

Banbun/,  Canal,  North  of  the  town    

,  South  of  the  town    

UamweU,  cnnnl  to  Eiut  Ckallon 

.  at  liffinglon  iVharf  

Cavertham  Mill,  casJ 


177-59 
312-17 

303-50 


Clifton  Uampim,  Canal,  W.  of  Oxford 

Cu/Aam,  canal  south  of   C.    16125 

Junction  of  the   Thame  and  Jtit,  below 

mntnkam  Wood C.   154-85 

River  at  S™ino(on  Ferry  C.   153-25 

River  }iit,  soutfi-west  of  Entham  village.. .C.   20S-2S 

£M»We  Hver,  west  of  Oxford    C.    194-83 

He<[ford,  upper,  canal  north  of  the  village .  .C.   254-63 
southof  the  village.  .C.   250 

fty,  canal  below  the  village 
•.blade,  (Gloucestershire!)  C. 

Nettlebed,  WindmiU Q. 

Old  Nan'i   Wear,  on  the  Itit,  Boutb  of 
Bampton  ( 

OxroRD,  Canal  Lock  on  the  (outh-weet  of 
the  city ( 

Purity,  on  the  Tbames,  below  Maple  Dur- 
ham Lock < 

Sandford,  by  Nunebtun    ( 

Shotorer  Hdl,  top C 

River  hit,  ea»t  ot  Stanlon-Harcourt  ( 

Sireatlty,     (within    the    course    of    the 
Thames  across  the  Chalk),  at  the  VeTTj„.C. 

Wallingford,  canot  level,  by  Notth  Stoke, 
toMoultford C 

Watttage,  canal  at ~ 


MlDDLEiGX. 

Cranfard,  junction  of  the  Poddington  and 

Grand  Junction  Canals   ( 

Hanger  Hia t 

King'*  arbour  ( 

Thames  river,  north  of  Wargrace  I 

,  above  Great  Marloui < 

,  near  Maidenhead   C.      TS-OS 

,  at  Eton   C.     65-59 

,  near  Egham    C.     52-OS 

,  at  Lalehatu C.     «-I7 

,  at  ShepprrloH C.     40-S9 

,  at  Teddiaglon,  above  the  Lock  ...C. 

' ,  at  Limehoute  entrance  of  Re- 
gent's Coiial  (high-water)    C. 

//union  Bridge     C. 

'  LoNDos ;  reservoir  of  the  Royal  Soeirly't 
Standard  BarometertX  SomerBet  House, 
above    "  a  fixed   mark"   on  Waterloo 

Bridge- 83-21 

Ricimanruforlh,  canal  neat  to  mill C.    ITO'IT 

Moll  River,  opposite  Hampton  Cmirt C.     2SH 

}Feybridge,  Basingstoke  Canal     C. 

St.  Pancras,  Regent's  Canal   C. 

Uxbridgr,  Grand  Junction  Canal,  suuili  of 


■  It  is  very  desirable  that  the  "  mark  "  here  referred  to  (from  tlie  Register  of  the  Barometer,  4c.  published 
periodically  in  the  Phil._l>ans.),  should  be  connected  with  the  standard  marks  on  the  Thames :   its  height 
"presumed  about  95  feet."     Observations  of  the  barometer  and  ther- 


a  level  of  the  sea,  i 


mometer,  are  taken  by  one  of  the  officers  of  the  Royal  Si 
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Stations. 


Berkshire. 

Kennel  and  Avon  canal,  above  Hunger^ 

ford  C. 

^  vXKlnthury  ,.,C. 

west  of  NeuH 

bury C. 

south  of  Read* 

ing C. 

Nettlebed  WmdamW O 

Nuffield  Common O. 

Scutchhamfly  Beacon  (chalk) O. 

The  River  Tkamea^  at  Sonning,  north-west 

of  the  village C. 

Wytham  Hill  (north-west  of  Oxford) O. 

Whitehme  Hill O. 

Wiltshire. 

Beacon  Hill O. 

Great  Bedwin,  canal  below  the  village  ...C. 

Calne,  level  of  canal C. 

Chippenham ....C. 

Clack,  canal  west  of  the  village  C. 

River  Ins,  north  of  Cricklade C. 

' — ^,  canal  near,  at  Kempsford C. 

,  near  Inglesham  above  Lechlade  C. 

1  near  B%ucot,he\ovr  Lechlade.,, C, 

^^^^Aam,  junction  of  the  Wilts  and  Berks 

with  the  Kennet  and  Avon  canal C. 

FtUe    of  Pewsey,    canal    from   Devizes 

to  WooUm  Rivers C. 

(The  canal  falls  towards  Melksham 

from  this  level,  by  29  locks,  239  feet.) 
— — —  canal  level  at  Burbage 

Whaff  C. 

Seend,  canal  north  of,  (Kimmeridge  clay) . . .  C. 

Stanley  Abbey,  levels  of  canal C,< 

Thames  and  Severn  Canal,  north-east  of 
Cricklade C. 

Wilts  and  Berks  Canal,  at  Swindon  Wharf, 

summit  level C. 

■ ,  level  near  Shriven- 

ham  C. 

Wesibury  Down,  Ord.  Station,  (chalk)  ...O. 

Wootton  Basset,  canal,  south  of C. 


Above 
the  sea 
at  Low 
Water. 


Feet. 


326.50 
300-17 

257-58 

124-75 
820 
757 
850 

115-75 

576 

893 


690 

385-69 

227-92 

190-08 

233*08 

276-58 

261-25 

245-42 

233-34 

135-42 

429-5 


462-5 
190-50 
206-25 
191-08 

268-5 

333-75 

302-34 

775 

301-5 


Hampshire. 

Butser  HiU,  near  Petersfield  O. 

DeanHiU O. 

Highclere  Beacon    O. 

Jnkpen  Beacon O. 

Portsdown  HiU  (top  of  Nelson's  Monu- 
ment)     O. 

Itching  Navigation,  at  S,  Stoneham C. 

at  Bishopstoke C. 

____  ^est  of  Twyford  C. 


917 

539 

900 

1011 

447 
16-17 
56-42 

101-50 


I 


Stations. 


Itching  Navigation,  south-west  of   Win- 
chester   C. 

Stockbridge  HiU  O. 

Andover  canal,  at  Red-Bridge C. 

■  at  Romsey    C. 

— —  at  Stockbridge 

■ •  at  Andover 


Above 
the  sea 
at  Low 
Water. 


Surrey. 

St.  Ann's  HiU O. 

Bagshot  fieath  O. 

Banstead  Down,  near  Banstead  O. 

,  hundred  acres  (chalk)  ...O. 

BoUey  HiU  O. 

Croydon  Canal,  at  Sydenham C. 

,    junction    with    Surrey 

Canal,  Deptford  ' C. 

Ilindhead O. 

Leith  HiU,  Tower,  (base?)  O. 

Norwood , O. 

Surrey  and  Sussex  Canal  ^amxagWonersh  C, 
summit  level,froin 

Rushwood  to  Sidney  Wood C. 

River  Wey,at  Godalming    C. 

below  Catherine  Lock C. 

Kent. 

St,  Alban's  Court,  near  Wingham  F. 

AUington  KnoU    O. 

Copt  Point,  Gault  Cliff  F. 

Dover,  Castle   O. 

mean  range  of  spring  tides  1834 

.  1835  

■  by  report 

of  Harbour-Master  1828 F. 

mean  of  neap  tides  do F. 

,  extreme  variation  of  spring  tides.  ..F. 


Feet. 

129-58 
620 

5-83 

61-42 

120     ^ 

184-83 


240 
463 
576 
443 
880 
173-17 

17-42 
923 
993 
389 
128-42 

162-75 
128*58 
111-92 


Folkstone,  hiU,  Ordnance  Station    F. 

,  Turnpike    O. 


Folkstone,  mean  difference  of  spring  tides 

by  report  of  experienced  boatmen  F. 

■  of  neap  tides...  F. 
■    ■     — ,  top  of  the  Chalk  difl,  nearest 
to  the  town  F. 

,  Martello  Tower,  No.  1.  Base...F. 

,  Ditto         No.  2.  Base...F. 

— ,  Ditto  No.  3.  Base. . .  F. 

,  cliff  near  the  town,  on  the  east  F. 

,  cliff  at  the  Church F. 


Goudhurst,  Kent O. 

Greenwich,  Observatorv O. 

High  nook,  near  Dymcnurch  O. 

Hollingburn  hill  « O. 

Nail  Down,  westof  Sandgate  F. 

Paddlesworth,  hill   O. 

Ramsgate,  mean  range  of  spring  tides;  1834.^ 

1835.» 


119-4 

329 

144 

469 
18-25 
18  25 

20-00 
13-00 
24-00 

575 

585 

180 
110 

^66 

261 

193 

172 

117-60 

145-50 

497 

214 
28 

616 

334 

642 
15-25 
14-75 


•  Capt.  Beaufort,  R.N.  MSS.  from  the  Reports  of  the  Coast  Guard  Preventive  Service  Officers. 
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KcxT,  (confinueiJ.) 
River  Mfdway,  a\  Ttmlridgt  ... 

at  Brand  Bridge 

wesl  of  i'aUinff  C. 

— - — loulh  of  Tflon,  above  the 

Lock ^ C, 

(oulh  ot  AfaiJiloiu,{Low- 

er  green-aaild) C. 

north-wBst   oi  jflimgim 

Castle    C. 

Huek'mgc  ctiweh, -vteil  ^  Aldington   O. 

Saltwood  CatUr,  ncarHythe,  in  the  courl...F. 
Saai^ale,  draviug-room  floor  of  ft  house 

in  Proipect  Place F. 

,  hill  top  OTer  I'tocpect  Pluoe   ...F. 

Shakipeare't  Cl\f,  top F. 

.Shooltr-t  mu  O. 

South  Foreland,  Upper  Light- Houic,  base>.F. 

, .,  Lower  Ligbt'Uousei  bwe-.F. 

SaingfieSd,  Meople-top.. O. 

Ttnterden,  {weev\t) O. 

ToItfordHUl O, 

Aran  river,  at  Thomdell,  before  it  enters 

the  Chalk  rsn«  C, 

Beac/is  Head,  hipketteliff F 

,  old  lignal O. 

— ,  base  of  the  bouae.F 

,  liotyaieU  chalk  pit,  cliff  top.F. 

BeU-Tnut;   clifTedge  F 

,  Fint  Sitter,  or  "First  pf  the 

Serens,"  (clilTtop)   F. 

Ari^A'/tn^i^oiDn  near  Battle  " 

Brighton,  site  of  a  fonner  signal-bDUse 


ihv  n 


..F. 


Water. 


Canal,  vest  of  Laxaiood,  11  Locks  below 
the  summit  level t 

near  Spurland  farm,  below  Mallam 

Lock C. 

near  Rowiur,  farm    C. 

near  ^'na^f,  below  Middle  Lock  ...C. 

near  NivUle   Wood,  and  thence  to 

Pulborough  C. 

C/ioncfonfrurjF  ring,  South  Dovni,  (Chalk), 
Ordnance  Station O. 

Clayton,  range  of  the  chalk  on  the  south, 
about  200  feet  lower  than  the  general 
height  of  the  ridge O. 

Crovborough- Beacon  " 

Ditchlir.j-Beacott 

Fairliglil  Dotcn,  top,  Ordnance  Station 

,  floor  of  the  octagon  ro( 


44'42 

36-58 
25-34 


Front,  near  Tunbridge  Wells,  (top  of 
steeple) O 

Haitingi;   Cattle  hill,  highest  point    F. 

.  Eait  cliff,  average  level F. 

,  the  Laveri'  Seat..,.. ^...f . 

,  average  range  of  spring  tides 

1834 • 

,  Ditto at  a  point  about 

3  miles  west  of  the  town ;  1835 • 


2100 
21 'SO 


Ouf  River,  at  Ryeland  Bridge   C. 

,  north-west  of  Lindfield    C. 

,  vrett  ot  Sheffield  Park C. 

,  north  of  Gotdbridge  Lock C. 

,  Sharp'i  lock,  2  miles  west  of 


Portobello,  top  of  ciilT;  about  the  average 
level  of  the  diS' from  Hottingdean  Kol 
Nevihacen     (, 

Aooib  HiU  Beech,  near  Goodwood ;  Ord- 
nance Station   0 

Rotker  Biver,  west  ofMidiurtt C. 

,  near  Pulborough   C 

RoUingdean,  cliS*  top  beneath  the  Wind- 


mill . 
Seaford  Cliff,  lof,  li.E.  of  the  Signal   . 


-F.  ; 


ISL 


fWcc 


Bembridgt  Down    W. 

Blaci'ffang   Chine,   guardhouse    on    i' 

headland  

Si.  Boniface  Dotcn 

St.  Catherme't  Lighthouse , 

Domi,  cliff  top  under  the 

hill  „.W. 

CulBtr-cliffXit^ W. 

Molteitone  Down , " 

SkankUn   Doicn,  {Dvnnata  of  the   O 

nance  Survey) O. 

DoRSCTSIJlRC. 

fltaciiioj<TiAiU,(nortli-eiiatofAbbolahurj).0. 

BuU-barrom  (south  of  Sturm  in  »ler)    .0- 

Charlton,  Common  (north  of  Wincanton).0.   ; 

Cor/e  Cattle  hill O. 

Downs  over  Handfatt  Cliff    O, 

Heighlof  (he  CliffilxeU " 

I  Nine  BarroiB  Doan  (Iile  of  Purbeck)  . 
\Pilletd(m  AiW[weatof  Beaminater) O.   I 

WingreiH  hill  (south-west  of  Berwick  S 
I      John)    


'  Capt.  Beaufort,  R-N.;  MSB.  from  the  Reports  of  llie  Const-Guard  Prevc 
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7.  Railroad  Sectwm. — From  the  uncertainty  of  the  tide  levels^  and  the  inherent  defects  of  the 
methods,  both  trigonometric  and  barometrical,  by  which  most  of  the  heights  above  mentioned 
were  obtained,  they  cannot  be  absolutely  depended  on  within  a  few  feet.  Those  given  in  the 
sections  of  the  numerous  railroads  through  England,  having  been  ascertained  by  levelling,  are 
much  more  to  be  relied  upon :  they  are,  probably,  as  accurate  as  any  that  ever  have  been 
obtained  in  undertakings  not  expressly  directed  to  scientific  purposes  ;  and  are  the  more  valuable, 
as  the  two  other  modes  of  measurement  are  most  erroneous  when  the  elevations  are  small. 
In  the  course  of  a  few  years  the  entire  surface  of  this  country,  wherever  the  introduction  of 
railroads  is  practicable,  will  thus  be  covered  with  a  network  of  intersecting  lines,  along  every 
one  of  which  the  heights  will  have  been  determined  to  within  a  few  inches  of  the  truth.  A 
well-arranged  collection  of  the  levels  will  then  form  a  very  useful  compilation  to  inquirers  in 
various  departments  of  physical  science ;  and  it  is  to  be  hoped  that  some  person  properly  quali- 
fied, who  has  leisure  for  such  a  purpose,  may  be  induced  to  enter  upon  the  undertaking*. 

The  following  Lists  contain  only  the  approximate  height  of  a  small  number  of  points^  along 
the  principal  lines  of  railroad  in  that  part  of  the  South-East  of  England  which  is  represented  in 
the  map,  PI.  IX.  The  first  two  cut  through  the  chalk  range  of  the  midland  counties,  in  passing 
from  London ; — 1.  North-westward,  as  far  as  Stony  Stratford; — St.  By  Reading,  through  the  de- 
file of  the  Thames,  towards  Abington ;  and  thence,  westward,  to  the  vicinity  of  Chippenham. 
3.  The  South-eastern  line,  afler  passing  the  chalk  near  (jodstone,  descends  the  Valley  of  Kent, 
by  Tonbridge  and  Ashford,  to  Folkstone  and  Dover.  4.  and  5.  The  Brighton  lines  traverse  the 
chalk  downs  and  the  Wealden  denudation,  southwards,  between  London  and  the  Sussex  coast. 
6.  The  Southampton  railroad  crosses  the  continuation  of  the  anticlinal  line  of  the  Wealden  to- 
wards the  Vale  of  Wardour,  and  connects  the  basins  of  London  and  the  Isle  of  Wight. 


I.— HEIGHTS  ON  PART  OF  THE  LONDON  AND  BIRMINGHAM  RAILWAYf. 


Stations. 


The  Datum  in  the  Section  of  this  Raibroad, 
it  die  same  with  that  of  Bradshaw's  map 
of  canals;  viz.  Low-water  mark  at  the  Oti 
Docks,  Liverpool^  (6  Ft  10  In.  under  the 
DocksOl.) 

Datum  below  the  Trinity  high  water  mark,  at 
the  London  Docks:  (Brad8haw)...21  feet 

[The  datum  at  Liverpool,  therefore,  is  be- 
neath low-water  mark  at  Sheemess, 
(21  — 1#6699  =)  1-330  feet] 

Hc^ht  of  railway  above  the  ,datum  at  the 
Rggenfs  Canal  near  Camden  Town    


Height 

above  the 

Datum. 


Feet 


113-75 


Stations. 


Highest  point  of  the  ground  over  the  Tunnel 
near  Primrote  Hill,  about  0*1  mile  north 
west  of  letter  P    

Road  from  London  to  Edgware,  at  Kilbum  . 

South-east  bank  of  the  Srent^  about  a  mUe 
east  ot  Apperton  , 

Road  from  Harrow  to  Harrow  Weald,  about 
1  mile  beyond  GreenhiU , 

^— ^—  Stanmore  to.  Pinner,  near  Dove- 
house  farm   , 

Highest  point  of  ground  over  the  Tunnel  at 
Oxhey-lane :  north  of  the  e  in  lane , 


Height 

above  the 

Datum. 


Feet 

189*50 
130 

87-6 

190 

218-08 

287    . 


•  In  the  present  unfinished  state  of  the  works,  the  attempt  would  be  premature ;  but  when  the  railroads 
have  been  completed,  the  several  lines  will  furnish  admirable  facilities  for  accurate  levelling  along  them,  and  for 
connecting  the  heights  in  the  interior  of  England,  with  fixed  and  durable  standards  at  well-chosen  places  on 
the  coast,  the  height  of  which  above  the  sea,  may  be  afterwards  ascertained  by  long-continued  observation. 
From  the  first  of  these  operations,  we  should  obtain  the  rf^^ve  height  of  a  number  of  points,  any  one  of  which 
miffht  be  taken  as  a  standard,  and  all  of  which  are,  probably,  themselves  in  motion,  and  may  be  expected  to 
diner  in  elevation  after  the  lapse  of  years.  On  this  account,  the  multiplication  of  standard  marks,  both  inland 
and  on  the  shore,  is  very  desirable ;  while  the  latter  should  be  compared,  firom  time  to  time,  with  the  sumposed 
invariable  mean  level  of  the  sea.  The  height  of  the  tides  themselves,  however,  is  in  some  d^;ree  affected  by  the 
features  of  the  coast  which  it  is  well  known  to  geologists,  are  in  a  state  of  constant  and  even  rapid  alteration. 

t  Where  roads,  canals,  and  streams  are  mentioned  in  these  lists,  the  points  referred  to  are  Uiose  of  their 
intersection  by  the  railway.  The  names  of  the  places  are  in  the  Ordnance  Maps ;  and  the  precise  points  are 
indicated  by  reference  to  a^acent  words,  letters,  or  objects  on  the  map. 
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Height 
above  th^ 
Datum. 


>f  Rai 


,*p  {.0 


u,d). 


Railroad  at  aouth-eutt  end  of  Tunnel    .. 

Bend  of  the  Brook,  east  of  Oxhey-lodgt. 

Turnpike  road  from  London,  near  the 
trance  of  Watford    i 

Valley,  ur  flat,  of  the  Colne,  north-eait  of 
Watford    

Road  from  Watford  to  St.  Jlbant,  midway 
betweni  CaUoic-land  and  NaKOt-farmt... 

Higheat  point  over  the  ISinnel  at  Ititiet- 
farm,  near  the  top  of  it  in  RauH  

Railroad  at  entrance  of  the  Tunnel    

Grand  Junction  Canal,  about  ^  mile  aouth- 
ea«t  of  Na>h  MiU 

Canal,  about  3  miles  from  the  last  plHce,  be- 
tween Boxmoor  and  Boum-tnd 

Road  to  Brrkhampilead  Place,  between  the 
Canal  and  the  CatlU  

Highest  point  over  the  Tunnel,  Dear  the  T«ad 
jrom  N.  Church  to  ^ithridgt;  bottom  of 
letter  N  in  Norlhchurck  

Highest  ground  over  the  railway  at  Thrtt- 
icore-acrei  lane  ;  coat  of  a  in  Grand. 

Road  from  Tring  to  DatatabU  (bounduy 
between  Herts  and  Bucks);  about  midway 
between /'oi/if  and  Sufborn;  

Grand  Junttioa   Canal,  soulh-eaat  of  Sear 


Feel. 

236 
214-83 

200'A0 

189-25 

251-83 


442-42 
461-83 

44617 
347-73 


[A  PP.  C. 


Height 
above  the 
Datum. 


Road  from  Ivingkoe  to  Lrighlen-Buxxard  \ 
on  the  aouth-nest of  Uorton;  (acontuiaa- 
lion  of  the  Vale  of  Ayleibury)    

Road  from  Leighlon  to  Wing,  at  an  elbow 
east  of  SoHlhcol 

Railroad  at  entrance  of  the  Tunnel  Lint- 
lade  Wood,  north-west  oT  Leij/hion. 

Highest  point  of  ground  over  the  Tunnel, 
about  letter  I  in  Litutade 

Rood  from  Great  BrickhUl  to  SovBtury, 
Rislip  farm  ;   north  ot  R  in  Bitlip... 

to  NeatOKLong- 

allt 

StreoM  under  the  railroad  between  IfWcr 
Eaton  and  Bletchley,  about  ^  mile  ni 
the  word  Water,  and  south-west  of  .Stony 
Stratford , 

Brook  luider  the  main  road  to  StoKj/  Slml- 
ford,  near  Denbigh  Hall;  about  4St  milea 
trom  London 

Average  height  of  railroad,  from  the  Tunnel 
at  Linilade  Wood,  to  the  road  last  i 
tinned about 

Orand  Junction  Canal,  about  }  mile  east  of 
Wolotrton,  north  of  letter  I  in  Canal 

Bottom  of  tile  f'alleg  of  the  Oaie  and  Tmt 
Rivers;  about  2)  miles  north-east  of  3'(onji 
Stratford ;  near  r  in  the  words  Riper  (hut 


302-7S 
317-69 


II.— PART  OF  THE  SOUTH-WESTERN  RAILROAD;    LONDON  TO  BRISTOL. 


The  former  terminus,  or  starting  point,  of  this 
road,  was  on  the  Birminglinm  railway, 
about  a  mile  west  of  Kensat  GrceQ.  The 
present  terminus  ia  at  Watboum  Gretn, 
about  4  mile  north  of  Bayiwaler,  on  the 
Uxbridge  road  from  Loudon. 

The  Datum,  or  base,  of  the  Section  is  Kup- 

tosed  to  be  about  7  feet  above  the  Trinity 
igh- water  mark,  at  the  London  Dockt. 
[Therefore,  (approximate)  height  of  the  da- 
tum, above  low-water  mark  at  Sheemess 
is  (19-6699  -f  7)  =  25-6699  feet.] 
Paddington  Canal,  at  the  nortb-wesl  angle  of 

Old-eak  Common 

Brent  River  at  Hanwell,  south  of  tetter  H... 

Rood  from  London  to  Uxbridge,  near  the 

crosa  road  fi-om  Greeitfordto  Norwoodani 

OtUrUg  Park  

Paddington  Canal,  east  of  letter  ¥  in  Ted- 
ding Brook   

Grand  Junction  Canal,  near  Bolwell „ 

River  Colne,  near  W.  Drayton ;  west  of  the 

words  Colham  Mill 

General  level  of  thcsurface,  on  the  line  from 
near  Soulhall,  to  the  heights  over  the  Fal- 
leg  of  the   Thames,  cast  of  Maidenhead 

Bridge about      I 

Road  from  Slough  to  Stoke  Pogei ;  about  ^ 

mile  from  the  cross  roads    [     ! 

Cross  road  from  jimerton  Bank  to  Taplow.f 
aboQt  24J  miles  from  London,  on  the  road 
to  Maidenhead I     ( 


River  Tkamee,  about  \  mile  south  of  Mai- 
denhead Bridge    

I  Highest  point  of  ground  over  the  railroad; 
north-ens]  of  the  road  fiom  Sholteibrockta 
Knowtt  Hill;  about  ^  mile  north  of  the  let- 

Rirer  Loddrn,  about  a  mile  south-west  at 

Ruieombe  church 

'  Road  from  London  to  Reading,  about  36^ 
milea;  near  letter  *  in  Holme  Pari  (ovi 

the  Tunnel) 

I  Railroad  at  the  entrance  of  the  Tunnel  on  tt 
ist:  south-east  of  the  36th  milestone  . 
Highest  ground  over  the  Tunnel  near  i 

western  extremity    

River  Kennel,  near  Breken-broa,  north-wei 

□f  letter  B;  about  i  mile  east  of  Reading 

Geneml  level  of  the  Valley  of  the  Thames, 

from   Broken-lirou)    to    near    Kentieood, 

about '   1 

Highest  point  of  ground  over  the  Tunnet 
near   Purley;  south  of  east  of  the  words 

Parley  Hall I  2 

Road  about  4}  miles  from  Reading  to  Por^- 

bourn,  noTthot  y  in  Purltu  I/all    1 

Thamei  River,  about  ^  mile  north  by  east' 

from -Vou/j/ori  Church,  Berk j  1 

Highest  ground  over  the  line  of  railroad,  be- 
tween the  Thames  and  Wat  End,  on  the' 
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StatioDB. 


Greneral  lev<el  of  rarfiice,  from  tbe  ThameB 
near  MouUford  to  Etut  Hagbwme 

Road  from  Dudcot  to  Appieford ;  west  of  the 
word  FauxhaU, 

Road  to  Abingdon  and  O^rford,  at  the  en- 
trance otStewentcn  on  the  south-east 

Berki  and  WilU  Cmnaly  about  0*4  mile  north- 
east oi  Pmrnanhfarm^ .., 

Brook  north  of  Grove-Wick   

Brook  near  Cireourt\  east  of  the  wtHrdfarmf 
between  Deuehworih  and  CkaUow  Marsh 
farm - 

Road  from  Wantage  to  Stanford,  south-west 
of  »^in  Westtnead  .^ 

Hiffhest  ground  on  the  north-west  of  ColUer*s 
farm,  towards  BauUcmg  

Canal  about  a  mile  south-east  of  Longcoit,., 

Highest  point  orer  the  railroad,  on  the  slope 
north  of  Bourtom,  0*9  mile  east  of  Hack- 
ron  Bridges 


Height 

above  the 

Datum. 


Feet 

152 

173 

195 

191 
206 

205 

240 

280 
258 

319 


Stations. 


River  CoU,  about  ^  furlong  west  of  canal  at 
Hackron  Bridges ;  (county  boundary  en- 
tering Wilts  from  Berks) 

Roman  Ermine  Way ;  about  \  mile  south- 
east of  Stratton-St.  Margarets  

North  Wilts  Canal,  west  of  Lower  Easteott, 
near  the  bottom  of  E  

Brook  at  Westcot,  about  -i-  mile  irom 
Okus 

Brook  under  the  turnpike  and  railroad  at 
Hunts-Mili,  about  \  mile  south-west  of 
Wotton  Basset 

River^von,  about  \  mile  north-west  of  Avon; 
near  the  final  e  in  Newhouse  farm,  3-^ 
miles  north  by  east  from  Chippenham 
church 

Level  of  the  railroad  at  that  place , 


Height 

above  the 

Datum. 


Feet 

263 
324 
308 
284 

238 


130 
170 


III.— ON  THE  SOUTH-EASTERN  RAILWAY,  FROM  LONDON,  BY  TONBRIDGE  AND 

ASHFORD,  TO  DOVER. 


This  line  was  tniginafly  intended  to  join 
the  Soudiampton  railroad.  The  starting 
point  has  since  been  altered,  and  is  not 
yet  determined. 

The  datum,  or  base  of  the  section,  is  the  Tri- 
nity high-water  mark  at  VaumhaU  Bridge, 

Height  of  datum  above  low-water  at  Sheer- 
ness 19-67  feet 

Level  of  Miteham  Common  near  the  Work- 
house     

Entrance  of  a  proposed  Tunnel  through  the 
dialk,  at  Woldimgham 

Road  to  WoU^ham  Church,  about  \  mile 
south  of  the  Qiurch 

Hiffhest  point  of  ground  over  die  Tunnel,  at 
the  meeting  of  two  roads,  south  of  letter 
IFin  WolMngham    

Oxtead  Bridge,  at  the  east  end  of  the  village : 
—{Stream,  about  270  feet)' 

Brook  south-east  of  Uie  farm-house,  about 
i  mile  sooth  of  IF  in  WUboood  Farm 

Road  to  Edenbridoe,  about  a  furlong  north 
of  the  croes  roads  at  Holdfast 

Brook  east  of  Bouheach  farm,  where  crossed 
by  road  to  Tonbridge  

River  Medway,  south-west  of  Powder  Mills, 
and  H  mile  from  Tonbridge ;  west  of  the  y 
in  Medttag 

General  level  of  surfiice,  from  the  road  east 
of  Tmdelg  church  (70  feet),  to  a  road  west 
of  HoghiU  Green  (53) ^..... 

Main  road  from  Tonbridge  to  Tonbridge 
Welle ;  about  ^  mile  firom  the  separatbn... 

■    XoHaeUngs,,, 

Road  at  Rai*s  Castle^  on  the  eastern  verge 
of  Paddock  Wood    


90 


365 
790 


793 
277 


188 


224 


106 


60 


60 

79 
67 


35 


River  Teise,  south-west  of  the  final  e,  near 
Bockenford  

Road  to  Maidstone,  immediatelv  on  the  north 
otMarden;  west  of  letter  M 

River  Beult,  about  0*4  mile  south  by  east  of 
Hockenbury  Bridge 

Road  firom  Cranbrook  to  Charing,  at  Hog- 
hill  Green 

Stream  about  \  mile  east  of  Ninhouse,  about 
two  miles  south-west  of  Ashford 

Road  about  \  mile  south-west  from  Mersham 
Church 

Road  from  SeUinge  to  Hythe,  about  i  mile 
firom  Grove  Bridge  over  the  Stour , 

River  Stour,  south  of  Stafford  Church,  about 
li-  mile  horn  its  source  near  PostUng 

Summit  of  the  sand  heighto  cut  by  rulroad 
near  Stone  Farm , 

Stream  at  Beachborough,  nearly  south  of  the 
summer-house,  0*3  mile  west  of  the  word 
MUl 

Ground  at  Cheriton  Tile-pits 

Streamlet  (valley  of  the  g^ult),  about  4-  mile 
from  Inbrook,  south  of  St  Thames's  Well . 

Ground  at  base  of  Martello  Tower^  No.  1.... 

[The  same  place  above  ^bi9-water,  barome- 

tricaUy F.  261 

Deduct  diff.  of  tides,  (at  Folkstone)...  21 


Height  of  the  chalk  cl\f,  at  the  beginning  of 
the  undercliff  east  of  CopI  Poinl 

Height  of  proposed  termination  of  the  rail- 
rMd,  near  tne  Arch-cl^ fort,  Dover;  58 
miles  7  furlongs  fWmi  London    


A  change 


30 


83 


30 
97 


135 


162 
193 
230 
325 


166 
155 

83 
241 


240] 


465 


107 


3c2 


[App.  C. 


Park  hiil\   lop  of  ridge,  south  of  letter  a 

Combt  Inn r,  bottom  of  C 

Rood  from  Croydon,  near  Purleg  /tome,  bot- 
tom of  letter  If. 

Hill  00  which  i>  the  old  London  road,  south 
o(  I  in  Riddtta' DoiBu   

Opposite  (o  the  rood  lo  CaUerthiun 

BeeinniDg  of  the  proposed  Tunnel, 

liUmgdown  farm 

Highest  ground  above  the  Tunnel  

Road  at  the  Dog-keanel  (Marden  Pork?)- 


Road,  or  lane,  from  the  OxUad  road  U 

Church    

Road  to  Tandridgi  Church ; 

Park  Wood  _...,     _ 

Road   from   Oilead  to  Crourhuril,  louth  of 
WhUrhaU;    about   005  mile 

from  S  in  SiocUiirtt    ■ 

Brook,   between  Jincoek't   and  Slookhouie 

Road  from  CrouAurjI  lo  Limpifield,  at  Mi\- 
ilon  Wood,  about  O'l  mile  south  of  letter 
(in  Mihloa 

Road  at  WilliBood  farm    . 

Brook  about  i  mile  south-weat  of  WiUmood 

{|The  new  line  hereabouts  joini  that  lirit  pro- 
jected.] 

Road  to  Edenbridge,  immediately   < 
•outh  of  road  from  Hole  Farm    ... 


IV.— sm  JOHN  RENNIE'S  LINE  OF  RAILROAD,  FROM  LONDON  TO  BRIGHTON. 


The   beginning  of  this  line,  in  the 
lud  before  Parliament,  is  at  Kfmti 

The  datum,  or  base  of  the  seelion,  is  the  Tri- 
nity high-water  mart  in  London. 

North-eastern  angle  of  Mitcham  Comtaont 

Smilh/iam  Bottom,  near  the  road  from  Ctoy- 
donlo  Mersthain;  letter  P.  of  T.P. 

Same  toad,  south -vciit  ofbuildlngs  called  Old 
brenAouie  in  the  Ord.  map  

Road  to  Coultdon,  at  the  place  where  it 
strikes  off  from  the  main,  about  i  mile 
south  of  the  Ittd  Lion 

Above  Hooley  Ifoiue,  on  a  line  through  thi 
second  D  in  thfi  former  word 

Tumpike~road,  where  crossed  by  a  line  drawn 
through  tlie  words  Cottage — (Sionig  Col- 
lage), and  Doums — {Farthing  Dou-ru)    ... 

Ground  above  the  railroad,  opposite  to  the 
Star  Inn  near  Chi pstead  j  between  the  let- 
ters (  and  in  o  *(or  

Road  (above  the  proposed  Tunnel)  A'om  tbi 
Turnpiie  to  Dean't  Farm ;  about  thre< 
fourths  of  the  distance  from  the  Turnpike 

Highest  point  of  ground  over  the  proposed 

Tunnel  at  Mcrttham  Hill;  about  4i  fur. 

longs  south  of  the  point  last  mentioned... 
rurnpike-road  north  of  Merathamj  at  the  Jo- 

liffeArmi,noTth  of  the  letters  l*  in  Paris'. . 
(•round   near  the   Windmiil,  Mertthi 

the  ridge  of  (he  Upper  green-sand  (fire- 

MillBtream,  west  of  the  bottom  of  letter  At 

in  Mill  

Stream,  where  cut  by  a  line  from  the  Uip  of 

the  lettcm  in  the  word  Linl^field. 

Road  from  Nutjield  to  Reigale;  immediately 

on  llie  loutb  of  the  wcood  0  '    *" 


_  it  east  of  Pertridge  Common;   a 
first  0  in  the  word  Wood , 

Stream,  a  tributary  of  the  AfoJe  J  immediately 
above,  and  north-east  of  the  letter  P.  in 
T.P. 

Stream  tribuiary  to  the  Mole,  between  the 
two  letters  B  in  Boneharii  Bridge 

[From  the  brook  at  Sonehurit  Bridge,  li 
that  north  of  Haxliek  Milt  (more  than  ' 
miles),  the  surface  is  nearly  flat;  on  tbi 
Weald-clay.] 

Brook,  about  2  mites  soutli  of  the  place  last 
mentioned  ;  above  the  second  letter 
Horley-laae  Farm 

Lane  dividing  Surrey  and  Sussex ;  south-west 
of  the  second  a  in  Oakland 

Stream  at  Haxlici  Mill ;  where  crossed  by  the 
road  from  Jordan's  Farm  to  Wakeham' 

River  Mole,  near  the  road  from  CromUy  to 
the  Workhouee,  south  of  the  letter  g  ' 
Three  Bridget 

[Near  this  place,  the  ground  begins  to  rise 
into  the  Forest  ridge,  (Haatinga-Mnd).] 

The  MtUe  river,  in  Tilgatt  Forrtt;  on  a  line 
with  the  word  Tilgale,  and  norlli-weit  ol 
letter  Cin  Cinder  Bankt     

Ground  in  Tilgatt  Foreil,  about  half  a  Rir- 
long  north  of  re  in  Green  Treet 

Ground  over  a  proposed  Tunnel  through  the 
summit  of  Balcombi  Down  ;  (about  a  l\tr- 
long  east  of  the  lellcr  B  in  Balcombe)  ... 

Hoad  from  Cooper'e  Comer  to  Balcombi 
Church;  at  the  letter  e  in  Cooper'i 

[A  rapid  descent  of  very  irregular  ground 
succeeds.] 


App.  C] 


Dr.  FiTTON  on  the  Strata  beUno  the  Chalk. 


379» 


Stations. 


Stream  of  the  Ouse  River ;  immediately  on 
the  south  of  the  letters  /  and  s  in  PU- 


9U1 


Highest  point  of  ground  over  a  proposed 
Tunnel  through  the  heights  north  of 
Cuckfield;  about  half  a  mile  south  of 
letter  a  in  Taylor's  Bam 

[Irregular  ground,  rapidly  declining,  suc- 
cess for  about  2  mites.] 

Stream  of  a  large  branch  of  the  Adur\  about 
2*1  miles  directly  south  of  the  bottom  of 
letter  e  in  the  wordCucKFiELD,  and  about 
2  miles  west  of  ^loeM^M  

[The  surfiEice  here  for  about  4  miles  is  very 
irregular;  the  greatest  height,  about  250 
feet;  the  average,  80  to  100.] 

Stream,  south  of  the  letters  Oa  in  Friar*9 
Oak  

Road  from  Hur»Ur  PonU  to  Keymer;  where 
cut  by  a  line  drawn  from  r  in  JMar*s, 
through  a  in  Wiekham,  north  of  Clayton . 


Height 

above  the 

Datum. 


Feet 


54 


371 


49 


98 


165 


Stations. 


Road,  from  the  London  road  to  Brighton, 
towards  the  Windmill  on  Clayton  IliU; 
south  of  D,  and  north-west  of  O,  in  the 
words  Duneton*s  Gate , 

Highest  point  of  ground,  over  a  proposed 
Tunnel  through  the  chalk ;  about  half  a 
furlong  south  of  the  point  last  mentioned 

[DUehting  Beacon^  2^  miles  eastward, — (the 
highest  point  of  the  chalk  range  in  this 
neighbourhood,)  is,  according  to  die  Ord- 
nance Survey,  858*  feet  above  hw  water.l 

Exit  of  the  proposed  Tunnel,  about  4-  mile 
north  oi  Pangdean  

[The  ground  thence  descends  rapidly  and 
uniformly  towards  Brighton,  idong  a  val- 
ley of  the  chalk.] 

Lane  to  the  church  at  Pateham,  about  0*1 
mile  from  the  turnpike  road    

Termination  of  the  proposed  railroad,  on  the. 
Lewes  road  to  Brighton^  near  the  Bogal 
Garden 


Height 

above  the 

Datum. 


Feet. 


382 


458 


204 


164 


82 


v.— MR.  STEPHENSON'S  LINE  OF  RAILROAD,  FROM  LONDON  TO  BRIGHTON. 


This  line  is  intended  to  strike  off  from  the 
Southampton  railroad.  The  datum  or  base 
of  the  section  is  consequently  the  same  as 
of  that  line ;  viz.  the  Trinity  high-water 
mark  at  Fauxhall  Bridge, 

Road  from  Wimbledon  to  Merton^  \  mile 
south  of  e<if  in  Wimbledon 

Road  on  Merton  Common^  to  Cannon  Hill ; 
west  of  the  top  of  letter  C  in  Common   ... 

Stream  from  Pylford  Bridge^  crossed  by 
railroad  about  0*2  mile  north-east  of  letter 
Pm  Park  Farm  

Heiffht  at  Sparrow  Farm 

Road  horn  Kingston  to  EweU^  over  a  small 
ridffe ;  between  the  end  of  the  word  Ewell 
and  Court , 

Stream  of  the  Hog*s  miU  river ;  at  appoint  due 
south  of  letter  Cin  the  word  Court  ..... 

Road  on  the  northern  verge  of  Epsom  Com- 
mon ;  at  a  point  due  north  of  letter  o  in 
Epsom  Wells 

Hiirnest  point  of  ground  over  a  Tunnel 
&roueh  the  ridge  on  Epsom  Common;  0*1 
mile  due  south  of  the  second  m  in  the  word 
Common    

Height  of  the  railroad  at  the  exit  of  the  Tun- 
nel  

General  level  of  the  eround,  on  the  south- 
west of  the  ridge,  by  Duke's  Hill,  to  the 
norUi-west  otAshstead    

Road  from  London  to  Leatherhead,  north  of 
the  first  letter  e  in  Leather 

Road  from  Leatherhead  to  Dorking,  east  of 
letter  Af  in  the  words  JR.  Afo/^  

Bher  Mole,  due  south  of  the  letter  e  in  Mole ; 
nearlv  on  a  line  joining  the  words  Fetcham 
uid  MiekUham •• 


54 
39 


54*4 
141 


104 
72 

172 


244 
153 

156 
169 
125 

93 


Highest  point  of  ground  over  an  intended 
Archway  in  Norbury  Park ;  north  of  the 
letter  r  in  Norbury  

Level  of  railroad  at  bottom  of  Archway    .. 

River  Mole ;  immediately  south  of  the  Arch 
way,  and  of  letter  y  in  Norbury 

River  Mole ;  about  0*8  mile  south  of  the  last 
place,  north  of  letter  e  in  the  word  West- 
numble  

Millstream,  -^  mile  nor&  of  letter  Pin  Punch' 
bowl 

Road  from  Dorking  to  Reigate,  at  the  cross- 
roads south-east  of  the  words  Punch  Bowl 

Highest  ground  over  a  proposed  Tunnel, 
SbovX  0*35  mile  from  the  cross  roads  last 
mentioned;  south-east  of  o  in  Dorking... 

Height  of  the  bottom  of  Tunnel  at  its  exit... 

Lane  or  road,  west  of  letter  P  in  Park  Farm 

Stream  between  two  lanes  north  of  letter  S 
in  Scammet's  Farm 

Stream  (another  tributary  of  the  Mole, 
springing  on  Holm  wood  Common);  at  a 
point  south  of  the  second  m  in  (Brockham) 
Common    

Stream  which  runs  to  Ewood  Pond;  on  the 
north-west  margin  of  a  wood,  about  \  mile 
from  the  edge  of  the  pond  , 

Height,  in  the  wood,  between  the  words  if  en- 
foldaudPark  Gate , 

Streamlet  on  the  south  of  the  wood,  due  east 
of  the  word  Knole  Farm 

[The  highest  point  of  the  railroad  hereabouts, 
is  between  the  streamlet  last  mentioned 
and  the  village  of  Newdigate,  and  is  247 
feet  above  the  datum.  The  road  then  de- 
clines rapi^  to  Wamham,  and  thence  to 
the  seaside.] 


225*5 
134 

98 


108 
128 
184 


345 

82 

218 

165 


207 

205 
285 
221 


Dr.  FiTTON  on  Ike  Straia  below  l/ie  Chalk. 


Height 

abpve  the 
Datum. 


Mr,  Stefbenbo 


(canlmued). 


^rook  between  Gretn't  Farm  Bod  RiakH, 
where  croased  by  a  line  joilimg  letlen  n 
and  t  in  those  words 

Highest  point  of  eround  cut  by  the  railroad, 
on  the  east  of  Plaitlotc  Farm,  1  mile  from 
the  point  IsEt  tnentioiicd 

Boundary  of  the  countie*  of  Surrey  and  Sut- 
lei;  immediately  above  letter  M  in  Mug- 
gtridgt  Farm     

Brook  on  the  east  of  the  London  Bead,  about 
r7  mile  south  of  K'mgtfoli;  and  1-13 
mile  from  Wamham    

Brook  Bouth-eaat  of  JVaii^Af«rVSri(^f, under 
the  letter  B  ,. 

Height,  east  of  the  main  road,  on  the  wi 
a  imall  wood  above  the  wordi  Lake  Barn. 

Stream,  a  tributary  of  the  Anat,  on  theaouth- 
weal  of  Uoriliam  ;  north  of  the  lettera  or 
in  Farlhingi,  and  b  little  louth  of  west 
from  the  words  Tower  Hill 

Railroad  at  the  same  point 

Hoad  from  Hortliam  to  Worthing;  about  2\ 
miles  from  (be  former,  between  the  word 
Prior'i,  and  a  short  lane  leading  to  that 
farm-house 


[App.  C. 


Height 
ftbo?e  the 


Heights  cut  through  hy  the  railroad,  o 
south-east  of  CM'i  Hill;  about  0-1  mile 
south  of  letter  t  in  Titckman'i 

Two  streamlets,  south-east  of  the  point  last 
mentioned,  where  cut  by  the  line  passing 
fi-om  a  in  Tuckman'i  to  ha  in  Smatlham 
the  level  in  both  is,  about    

Heights  on  the  noith  of  JauUfirld  Common 
east  of  West  Grinstead;  atout  01  mill 
north-west  of  a  Windmill    

Road  north  of  letter  a  in  Partridge  Green, 
about  i  mileeast  of  the  main  road  toSttg- 

"iig  

Principal  branch  oi  tkt  Adur,  on  the  north- 
west of  Henfield, — (called  in  the  section 
Htnfitld  Cut) ; — where  crossed  by  a  line 
connecting  letter  «  in  Bine  Farm,  with  L 
in  Laihmer't:  nearly  on  a  level  with  tUi 

[Thence  to  the  seaside,  the  railroad  foUowi 
the  valley  of  the  jJ(/ur  i  passing  through 
the  chalk  ranee,  by  the  defile  of  that 
river,  to  Shoreham.] 

Part  of  a  hill  cut  through  by  a  projected 
Tunnel  north  of  Brighton,  on  the  load  tc 
Freiton,  about  O'l  mile  north  of  a  wind- 
mill on  its  summit,  is  about 


VI.— LONDON- AND  SOUTHAMPTON  RAILROAD.  BY  BASINGSTOKE  AND  WINCHESTER. 


This  road  be^ns  on  the  bank  of  the  Thames, 
near  Nine-Ehae,  about  ^  mile  south-west 
of  Fattxkall  Bridge. 

The  datum  or  base  of  the  section  is  the 
Trinity  high'tcater  mark  at  that  bridge. 
The  levels  were  ascertained  under  the  di- 
directionof  Mr.  Giles,  engineerto  the  Com- 

The  height  of  the  datum  above  low- water 
mark  at  Sheemeis.is  10-67  feet 

[The  natural  surface  for  about  2  miles  from 
the  point  of  commencement,  across  Batter- 
tea  Fieldi,  is  1  to  5  feet  belour  higb-watei 
markO 

Road  from  Battertea  Rue  to  WandaBorOt, 
immediately  on  the  west  of  the  cross-road 
to  BaCtersea 

Highest  point  of  ground  on  Wandtworlk 
Common,  about  the  letter  i  in  the  word* 
Half  Farthing 

Rirer  Wandie,  where  crossed  hy  the  railroad, 
near  letter!  in  Garret  Mill 

[From  the  foot  of  the  height  near  Kingston, 
south-eaal  of  Surbiton,  lo  If'alion  Corn- 
London  ond  Porltmouth  Road,  on  Ditton 
Marsh,  south  of  leilero  in  Marth ; 

Railroad  at  the  same  point 

Boad  from  }f'atlnB-on-Thamet  to  Ifereham 
Green,  at  the  turn  to  Burwood  Park I 


Ground  above  the  railroad,  outside  of  Oat- 
land' i  Park;   directly  south  of  the  second 

a  in  Oatlandt   l 

Old  River  Wey,  north-cast  of  the  letter  k  in 

Hollick't  ?v.rta 

Wry  natigalion,  at  the  commencement  of 
the  Baaingitoke  canal ;  south-east  of  let- 
ter w  in  Ham  Haw  

Road  on  Woking  Heath,  from  Horsell  to 
Healhside;  under  letter  W,  and  inimedi- 

I      alel]^  west  of  letter  H  in  Heath  

Summit  of  a  riu^e  of  aand  (called  Gouldi- 
iBorlh  in  the  section) :  south  of  letter?  Gt 
in  Royal  Oak  Green,  and  west  of  the  word 

Crouland 1 

Stream  on  the  north-east  of  Pirbrighl  Com- 
mon, xmlb  of  letter  n>  in  Hermitage I 

Height  on  Pirhrighi  Common,  north  of  let- 
ters ir  in  PirbHjrAt   I 

Ground  at  the  eastern  angle   of  Furxehill 

Pond 1, 

South  east  extremis  of  Lodge  Pond,  on  Pir- 
bright  Common;    south  of  the  canal  at 

Lealherhead  Hili 2 

Highest  ground  between  Lodge  Pond  and 
the  canal  at  Primley  Wharf;  about  l  mile 

nortli-west  of  the  word  Lodge 2' 

Balingitake  Canal,  west  of  the  word  Wharf.    2'. 
Ground  at  Blucku-ater  Brook,  or  River,  di- 
viding the  counlles  of  Surr^  and  Hants; 
about  (  mile  south  of  Z' in  fh'm^e^  (irwn.    II 
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Road  from  London  to  Fttrnham;  \  mile 
south  of  the  word  hiU  in  WmdmiUrhiU  ... 

Stream  where  crossed  by  a  line  joining  the 
words  Wett'heath  W[i^  Workhoute 

Highest  ground  on  the  line  east  oi  Fleet  Pond; 

I  mile  from  the  point  last  mentioned... 

Margin  oi  Fleet  Pond,  north  of  letter  F  in 

FUet 

Height  west  of  Fleet  Pond\  ^  mile  south  of 
letter  a  in  BroomhaU,  and  0*4  mile  west 
of  the  pond*s  edge   

Ridge  about  \\  mile  west  oi  Fleet  Pond,  and 
\  mile  east  of  letter  F  in  Oreenham*9  F^, 

Stream,  between  the  letters  m  and  s  in  Green- 
ham's  F, 

Highest  point  over  the  railroad  at  Shapley 
Heath;  between  the  letters  e  and  a  in 
the  word  Heath 

Railroad  at  the  same  point  

Whitewater  River,  at  the  separation  of  two 
branches,  south  of  the  word  Holt 

Road  from  London  to  Basingstoke,  on  Hook 
Common ;  about  -i-  mile  from  the  cross 
roads  in  Hook  village 

Height  cut  through  by  the  railroad,  ^  of  a 
mile  from  Neumham  Church  

Stream  on  the  south-west  of  Neumham,  and 
0*08  mile  north  of  the  to  in  the  words  Red 
Lion 

Highest  point  of  ground  cut  through  by  the 
railroad  between  Neumham  and  Ola  Ba- 
ting', 0*35  mile  south  of  letter  Af  in  JSofifi^ 
MUl  

Road  at  Old  Basing,  west  of  top  of  letter  O. 

Mill  Head,  lUver  Loddon ;  ^  mile  west  of 
bottom  of  the  word  Old   

Main  road  from  Basingstoke  to  Reading ;  on 
a  line  with  the  bottom  of  the  word  Pen* 
ton's,  in  Penton's  Mill 

Road  from  Basingstoke  to  Whitchurch,  at 
Worting,  about  midway  fit»m  the  cross 
roads  to  the  church 

Railroad  at  the  same  point 

Height  south  of  the  word  WorUng 

Road  from  Church  Oakley  to  Fairdoum 
Copse ;  about  0*63  mile  from  the  church, 
on  the  south-east 

High  ground  about  i-  mile  south  of  the  place 
last  mentioned 

[This  point  is  a  little  higher  than  the  gene- 
ral  range  of  the  heights  between  Worting 
and  Steventon,^ 

Railroad,  38  feet  lower    


Height 

above  the 

Datum. 


Feec 
217 
188 
224 
214 

245 
237 
187-5 


307 
247 

200 


293 
301 

198 


292 
254 

224 


307 


318*75 

341 

362 


404 
420 


Stations. 


Height 

above  the 

Datum. 


382 


Highest  ground,  south-'West  of  Steventon 
Church ;  in  a  wood  east  of  road  at  South 
Wood    

Depression  on  the  south-west  of  the  height 
last  mentioned;  northern  extremity  of 
CobUg  Wood. 

Height  at  the  angle  of  an  inclosure,  west  of 
the  words  Popham  Beacon 

Railroad  (83  feet  below) 

West  side  of  the  incloeures  at  Warren's 
Farm • ,.. 

Depression  0*7  mile  south-west  by  south  of 
Warren's  Farm  ;  north  of  S  in  Sheep  Ho, 

Height  north  of  Sheephouse  Farm,  about  ^ 
mile  north  of  top  of  letters  Sh 

Stream  and  road  neax  Weston,  about  0*86  east 
of  the  church  at  Stoke  Charity 

Railroad  at  same  place,  84  feet  above    

Height  about  0*15  mile  south-west  of  the 
cross  roads  between  Waiter's  Ash  and  Lun- 
way's  Inn     

Oround  in  a  road  south  of  letter  F,  in  Hook 
Pit  Farm 

Summit  of  height  on  the  east  of  New  Farm  . 

Road  immediately  on  the  south  of  h  in 
Headbome  Worthy 

Turnpike  road  from  Winchester  to  Andover; 
east  of  the  words  Turnpike  gate,  on  the 
road  to  Week 

Railroad  at  the  same  place 

Height  on  the  north-east  of  the  point  last 
mentioned 

Road  from  Winchester  to  Southampton,  about 
0*1  mile  from  the  first  s  in  the  words  St 
Cross , 

Railroad  at  the  same  point 

[From  this  place  to  the  shore,  etut  of  South- 
ampton, the  railroad  follows  the  line  of 
the  River  Itching,  with  a  nearly  uniform 
descent! 

Road  at  Auhrook,  crossing  the  Itching  iiavi- 
gation    • , 

Railroad  at  the  same  place 

Road  from  Southampton  to  Twyford  and 
Winchester,  about  \  mile  north  of  Swath- 
ling    

[The  railroad  reaches  the  level  of  the  Lon- 
don high  water-mark,  within  the  grounds 
of  Portswood  House.  ] 


Feet. 
456 

374 

454 
372*5 

315*3 

268 

313 

208*5 
292*5 

347 

164 
228 

152 


177 
177 

217 


146 
130 


41*5 
52*5 
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D.— ADDITIONS  AND  CORRECTIONS. 

Comtt  «ett  of  Halting). — The  alierationi  and  improvements  on  the  coast  west  of  Hssttngi 
were  go  rapid,  soon  after  the  preceding  pages  163.  to  171.  were  written,  that,  within  a  few  weeks, 
an  entirely  new  face  of  the  clifTs  was  brought  to  light ;  a  great  part  of  the  original  surface  having 
been  cut  away,  so  as  to  throw  back  the  vertical  section  to  a  much  greater  distance  from  the  sea, 
while  [he  debris  were  employed  in  raising  a  quay,  by  which  the  shore  is  now  concealed.  The 
Rev.  Granvdle  Vernon  Harcourt,  who  had  examined  the  new  features  thus  disclosed,  was 
so  good  as  to  point  out  to  me  several  appearances,  which  proved  that  the  structure  of  the  shore 
was  not  quite  so  simple  as  I  had  supposed  it  to  be,  though  the  sections  above  described,  and  (hat 
represented  in  Plate  X.  b.  fig.  S.,  are  in  the  main  correct.  Several  intermediate  though  slight 
derangements  occur  between  the  principal  fault  at  the  White  Rock  and  the  silc  of  the  church  west 
of  St.  Leonard's ;  and  the  whole  of  the  phenomena  show  thai  the  original  stratihcation  hereabouts 
has  been  fractured  and  dislocated  throughout,  although  the  disjointed  portions  are  seldom 
widely  separated. 

It  would  be  impossible,  without  the  aid  of  a  map  on  a  very  large  scale,  to  represent  these 
derangements,  nor  have  they  more  than  a  local  interest.  The  place  of  one  of  the  principal  inter- 
ruptions between  the  Wliicc  Rock  and  Warriors'  Gate  is  represented  in  Fl.  X.  h.  fig.  3. ;  and  the 
beds  composing  the  group  thus  divided,  which,  on  the  east  of  that  point,  dip  slightly  towards 
the  sea  (or  to  the  west  of  south),  could  be  detected  in  several  places  within  (or  north  of)  the 
Marina  at  St.  Leonard's,  in  the  aides  of  the  new  roads  and  streets  then  in  progress,  inclining,  ge- 
nerally, tothenortA.  Their  identity  eouldbe  traced  by  the  aid  of  two  thin  beds  of  greenish  Fuller's 
earth,  frequently  concurrent,  but  sometimes  about  4  or  5  feet  apart,  and  separated  by  about  8  feet 
of  grey  sand  and  sandrock,  from  a  bed  of  dark  grey  clay,  much  charged  with  portions  of  lignite, 
in  which  indications  of  vegetable  structure  were  perceptible,  but  none  so  distinct  as  to  indicate 
the  species.  These  beds  are  all  superior  to  the  Endogenite  group  of  the  White  Rock  ;  and  their 
distance  above  that  group,  on  the  north-east  of  St.  Leonard's  church,  was  cleatly  seen  to  he 
nearly  the  same  aa  at  the  White  Rock.  At  the  roadside,  on  the  east  of  St.  Leonard's  church,  I 
myself  founda  specimen  of  Endt^nites,  at  the  place  mentioned  by  Mr.  Parish  from  report. 

The  greater  part  of  the  ground  formerly  above  the  White  Rock  had  been  removed  by  the 
operationa  above  mentioned,  and  the  fault  there  was  diatinctly  uncovered  to  the  extent  of  several 
yards.  The  strata  which  form  the  cliff  at  the  brewery  descend  gradually  lo  the  sea,  witfaout 
apparent  disturbance,  but  the  ruin*  of  the  superior  strata,  including  numerous  fragment*  of  the 
lignite  bed,  were  mixed  in  great  confusion  on  the  western  and  upper  side  of  the  fault ;  which 
rising  gradually  towards  the  north-eaat,  seemed  to  croas  the  valley  there  separating  the  clifi 
from  those  of  Hastings  Caatle  Hill,  in  a  direction  from  about  south  S5°  west  to  the  east  of  north. 
On  that  line  a  wide  but  not  deep  fissure,  or  ravine,  could  be  discerned  passing  towards  the  place 
called  Bohema ;  and  on  the  opposite  aide  of  the  valley,  a  detached  portion  of  confused  matter, 
including,  as  at  the  White  Rock,  masses  of  clay  iron  ore,  was  visible  in  a  highly  inclined  position, 
at  the  comer  of  one  of  the  lanes  descending  from  the  Castle  Rock  to  the  marsh.  It  is  not  im- 
probable that  the  fault  may  he  continued  further  up  the  valley  on  the  north-west  of  Hastings. 

Bonei  of  Birds  in  lAe  fVealden. — Mr.  Mantel),  in  a  short  paper  read  before  the  Geological  So- 
ciety, June,  183S*,  has  shown  by  anatomical  evidence  that  the  hones  found  at  Tilgate  Forest,  and 

*  "  Proceedings,"  vol.  ii.  p.  203. 
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suspected  to  belong  to  Pterodactyles,  were  correctly  referred  to  birds.  On  placing  some  of  the 
questionable  fragments  before  Mr.  Owen,  of  the  College  of  Surgeons,  that  gentleman  found, 
in  a  tarso-metatarsal  bone,  the  articular  surface  and  place  of  attachmenf  of  the  posterior,  or  oppo- 
site toe,  distinctly  indicated ;  and  on  a  comparison  of  these  fragments  with  the  foot  of  a  recent 
Ardea^  no  doubt  remained  as  to  the  similarity  of  their  structure.  This  short  paper  beautifully 
illustrates  the  bearing  of  exact  comparative  anatomy  upon  Geology. 

Supposed  Wealden  in  Northamptonshire. — Mr.  Lonsdale  having,  during  the  last  summer,  resumed 
his  examination  of  the  oolitic  system,  and  followed  out  the  series  from  the  north  of  Oxfordshire 
to  the  Humber,  informs  me,  that  he  did  r.ot  observe  any  traces  of  ihe  Wealden  in  the  vicinity  of 
Wansford ;  which  is  mentioned  at  p.  309.  as  the  place  where  a  beautiful  specimen  of  Lonchopter-is 
Mantellii  was  supposed  to  have  been  found.  The  tract  belongs  to  the  great  oolite,  which  is  the 
highest  for-mation,  and  is  extensively  quarried  in  every  direction  around  Wansford  :  on  the  west 
of  Peterborough,  the  highest  formation  is  the  cornbrash.  Mr.  Lonsdale,  therefore,  thinks  that  the 
occurrence  of  any  portion  of  the  Wealden  group  in  such  a  situation,  is  extremely  improbable,  and 
that  the  specimen  above  referred  to  may  have  been  ascribed  to  that  place  by  mistake. 

Supposed  Chalk  in  Rutlandshire, — The  existence  of  Chalk,  in  situ,  at  Ridlington,  in  Rutland- 
shire, Mr*  Lonsdale  considers  also  as  being  very  improbable.  The  village  stands  on  the  ferru- 
ginous sand  of  the  inferior  oolite ;  about  half  a  mile  west  of  it,  is  a  small,  pit  of  the  bottom 
beds  of  the  great  oolite,  now  a  subsided  mass  :  and  great  oolite  is  quarried  near  Brooke  Hall,  two 
miles  north  of  Ridlington ;  but  with  the  exception  first  mentioned,  there  is  no  trace  of  any  stratum 
superior  to  the  inferior  oolite,  in  the  immediate  neighbourhood  of  that  village. 

Inoceramus  intermedius, — ^This  fossil,  which  is  mentioned  at  p.  317,  as  from  Hunstanton  cliflT  in 
West  Norfolk,  is  a  new  species,  ascertained  by  Mr.  Sowerby ;  by  whom  a  drawing  of  it  was 
made,  for  a  Wood-cut,  published  in  Loudon's  "  Magazine  of  Natural  History,"  for  1829,  vol.  ii. 
p.  296.  Mr.  Sowerby  informs  me  that  its  occurrence  is  not  unfrequent  in  the  flinty  chalk  of  Nor- 
folk and  Kent ;  and  that  it  is  found  occasionally,  in  flint,  in  the  gravel  around  London. 
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List  of  Strata,  from  Bembridge  Down  to  SandonmBay;  (97.),  p.  187.;  junction  of  Green- 
sands  and  Wealden,  (98.),  p.  189. 
Bonchurch-Cove  to  Sandonm  Bay;  (99.),  p.  191. ;  Dunnose,  its  true  place,  191,  note, 
Blackgang  Chine  to  Brook  Chine,  (1 00.),  p.  1 94. ;  junction  of  green-sands  and  Wealden ;  Weald- 
day  near  Cowleaze  Chine,  p.  198.;  Cowleaze,  Barnes'  and  Grange  Chines,  p.  199. 
AfUm  Down  to  Brook  Chine,  (101.),  p.  200. 
Possru  of  the  strata  below  the  Chalk,  in  the  Isle  of  Wight,  (102.),  pp.  202—206. 
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DORSETSHIRE,  (103.)— (120.),  p.  206—333. 
Ule  of  Pcjbbeck  ;   PI.  X,  a.  Noa.  8.  and  9.,  and  X.  b.  fig.  6.  and  7.  General  arrangcmeot  and 
dislribulion  of  strata;  Hat  at  Worbarrow  Bay,  (103.),  p.  g06. 
Purbeck  strata;  thickness,  (104.),  p.  208. ;  remarkable  appearance  near  Swanage,  p.  209,  note. 
PoTtland-itone,  (105.),  p.  210.      Portland-sand,  (106.),  p.  210. 
Section  at  Emmet's  Hill,  p.  211.  PI.  X.  b.  fig.S.  and  6. 
Kimmeridge-clat/,  (107.).  p.  S12. 
Coast  west  of  Purbsck  ;  General  structure  and  stratiRcation  from  Purbeck  to  Portland  Island  i 
great  dUturbances,  (108.),  p.  214,  Sections  to  Wliitenore,  (109.),  p.  215,  and  note.  Lulmtrth 
Cooe.p.  216;  Affln-o/-H'ar  Cowc,  Plates  X.a.  Nos.  S.and  10. ;  X.  b.  fig.  7.and8.;  p.  217. 
Isle  or  Portland.     Authorities,  (110.),  217.;    Section  and  Detail  of  stratification,  (111.), 
p.  21 8.;  large  silicified  trunks,  Wood-cut,  pp.  221,  222.;  slices  for  microscope,  p- 222,  «o/e. 
Two  beds  containing  Cycadea?;  above  the  "Cap",  p.  222.;  and  beneath  it,  p. 233;  large  spe- 
cimen, 223,  note.    General  remarks;  planta  either  Coniferae,  or  Cycadeie;  and  silicified 
amidst  calcareous  matter,  (213.),  p.  ZZ5, 
Order  of  deposits,  (113.),  p.  2Z5. ;    supposed  analogy  to  phenomena  at  the  mouth  of  the 
Indus,  (114.),  p.  226.     The  quarries  in  Portland  ought  to  be  frequently  examined,  (115.), 
p.  227.     Portland  strata  on  the  opposite  coast  of  France,  (IJ6.),  p.227. 
Fossils  of  the  beds  below  the  chalk,  on  part  of  the  Coatt  of  DortetshWe,  (117.),  p.  928. 

DEVONSHIRE,  (US.)— (123.),  pp.  233—242. 

Genera]  structure,  (118.);  subdivisions  of  coast  to  the  east  not  discernible,  p.  233. 
Berehead,  Whilecliff,  p.  234.,  Blackdonn  HUU,  (119.),  p.  233.;  Siiheslone  pits, (120.), p.  236. 
Beds  beneath  green-sands,  (121.),  p.  238. 
Fossils  of  the  Black  down  pits;  their  abundance  and  general  characters,  (122.),  p.  122.;  Mr. 

Miller's  collection  ;  Plates  XV.  a.,  XVI.,  XVII.,  and  XVIII.,  p.  239. 
tiiR  OF  Foisiu  of  Blackdown,  and  aome  other  places  in  Devonshire,  (1  S3.),  pp.  239 — 848. 

WILTSHIRE,  (125.)— (142.),  pp.  243—869. 

South  WiLTaaiKB  x-^BIaekdomn  hitU  to  SliaJleMbury,  (184.),  p.  243, 
Vale  of  Wabdour  ;  AnttclinaTline,  (125,),  p.  844. ;  descriptiont  of  sections,  (Map,  PI.  VII. 
fig.  3.;  and  PI.  X.a.  Mo.  13.);  General  itructure,  (186.),  p.  244. 
Detail!  of  Btrau ;  CAaM,  (127.),  p.  243.;   Upper  gren-iand,  (12S.),  p.246.    OauU,  section 
at  Ridge,  (129.),  p.247.;  Lower  green-itmd,  (130.),  p.848.     WeaUen,  (l&l.),  p.  248. 
Purbeck  ftrata ;  aecdonal  Hats,  Dallard'i,  Daahlet,  Chickigrove,  Wockley,  (132.),  pp.  849 
— '853. ;  junction  of  Purbeck  and  Portland  formationi,  (133.),  p.  853. ;  petrified  trees, 
upright,  (134.),  p.  254. ;  Portland  strata,  (185.),  p.  854. 
Stoubhbad;  supposed  section,  (Wood-cut),  (136.),  p.  856. 
Vale  os  Waeminsteb;  (137.),  p.  867. 
List  of  Fossils  of  the  Vales  of  Wardour  and  Warminster,  (138.),  p.  2S7. 

North  Wiltshire; — Detizet,  Calne,  Sections  by  Mr.  Lonsdale,  (139.),  p. 261. 
Vale  of  Pewset  ;  Dr.  Buckland's  valleys  of  elevation,  (140.),  p.  263. 

Swindon  ;  general  structure,  (141.),  264. ;  contact  oi Ltmer  green-iand aaA  Portland/omiation, 
(Wood-cut),  265. ;  sectional  the  great  quarry,  866. ;  great  nodules  in  the Portland-tatid,iG7 ■ 
Fossils  of  the  strata  below  the  chalk,  in  pATtot  North  IVtltthire,  {Hi.),  p.  267. 
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BERKSHIRE,   OXFORDSHIRE,  BUCKINGHAMSHIRE,   part  of  BEDFORDSHIRE, 
(143.)_-(155.),  pp.  269—308. 

General  structure  and  distribution  of  strata,  (143.),  pp.  269 — 279. 
Sections,  from  the  chalk,  through  Great  Hazeley,  Garsington,  and  Shotwer^  to  Oxford^  PI.  X.a. 
No.  18.;  and  through  Tetmarth  to  Wheatky,  PI.  X.a.  No.  18'.,  and  X.  b.  fig.  11.,  (144.) 
—(147.),  pp.  274—279. 
Shotover  Hill;  supposed  IVealden  beds,  p.  274.;  Purheck  strata,  Combe  Wood,  freshwater 
fossils  in  oolite,  275. ;  Great  Hazeley  Quarry;  erosion  of  the  Portland-strata;  "Gullies", 
(Wood-cut),  p.  276. ;  pits  at  Garsington,  p.  277. ;  Portland  and  Kimmeridge  beds  at  Shot^ 
over,  p.  278. ;  Kimmeridge  and  Weymouth  beds,  (145.);  at  Lancombe,  278. ;  Oxford-oolite, 
(147.)i  pp.  279—283. 
Section,  PI.  X.  a..  No.  19.,  from  the  chalk,  through  Thame  and  Long  Crendon,  to  Brill  and 
Muswell  Hill,  (148.),  p.  279. 
Brill,  p.  280.,  lignitized  tree,  (section  B.),  p.  280. ;  Long  Crendon,  Thame,  p.  281. ;  Portland- 
sand  of  Thame,  at  Barley  Hili,  p.  282. ;  large  concretions  in  sand,  (Wood-cut,)  p.  283. 
Sections,  PI.  X.  a.  No.  20.  and  PI.  X.  b.  fig.  11.,  from  the  chalk  at   Wendover  Hill,  through 
Aylesbury  and  Whitchurch,  Bucks,  (149.) — (152.),  pp.  2^ — 293. 
Stratification  of  the  contiguous  Counties,  (150.),  p.  284. ;  sectional  list  at  Stone,  p.  285. ;  at 
Dinton,  p.  285. ;  disturbances  above  the  Portland,  (151.),  p.  286.;  clay  like  that  of  Port- 
'  land,  but  not  the  "  black-dirt  bed",  (152.),  p.  286.;  sectional  list  at  Bishopstone,  p. 287.; 
near  Whitchurch,  p.  288. ;  at  Quainton,  supposed  Hastings-beds?,  289.;  Portland-sand  at 
Whitchurch,  p.  291.;  Stewhley,  p.  291.;  Kimmeridge-day  at  Hardnncke\  TrigonelUtes, 
Exogyra  Firgula,  p.  292. 
Sections,  from  Dunstable  through  Hockliffe,  to  Stony  Stratford,  PI.  X.  a.  No.  21.;  and  to  Wobum, 
No.  21'.,  (153.),  pp.  292—295.  Fuller's-earthnear  fro6tini,Dr.Holloway,(1723.),  p.  294. 

North-east  of  Bedfordshire,  (154.),  p.  295. 
List  of  Fossils  in  part  of  Oxfordshire,  Bucks,  and  Bedfordshire,  (155.),  pp.  296 — 303. 

CAMBRIDGESHIRE,  (156.)— (160.),  pp.  303—309. 

Authorities,  (156.),  p.  303,  note;  abundance  of  transported  matter  on  the  surface,  (157.),  p.  304. 
Description  of  sections,  PI.  X.  a,  Nos.  22,  23,  and  24,  (158.),  pp.  305—309. ;  decline  of 
height  of  chalk  range,  p.  305. ;  Upper  green-sand,  p.  306. ;  GauU,  p.  306. ;  Lower  green- 
sand,  p.  30G. ;  Kimmeridge-clay,  p.  307. ;  Oxford-oolite ;  forms  a  wave,  or  low  anticlinal 
ridge  at  Upware  on  the  Cam ;  seen  also  on  the  north-west  of  Haddenham,  p.  307. 
Chalk,  in  Rutlandshire,  (159.),  p.  308,  and  note ;  its  existence,  in  situ,  doubtful,  p.  583*. 
Supposed  traces  of  the  Wealden  in  Northamptonshire,  309. ;  doubtful,  p.  383*. 

NORFOLK,  (160.),  (161.),  p.  309—316. 

West  Norfolk  :— General  structure,  (160.),  p.  309. ;  Authorities,  p.  309,  note. 
Section,  PI.  X.  a.,  No.  25.,  by  Mr.  C.  B.  Rose.  Chalk,  at  Diss  and  Mildenhall,  pp.  310,  311. 

Upper  green-sand,  p.  312.     Gault,  p.  812. ;  Lower  green-sand,  p.  313. 

Hunstanton  Cliff  ;  (161.),  p.  313.  PI.  X.  a.  No.  26 ;  PI.  X.b.  fig.  12.  a,  b,  and  c.  Section, 

fig.  12.  b.  View,fig.  12.  c.  Sectionallistof  strata,  p.  314. ;  comparative  lists,  p.  314,  no<e; 

red  chalk  also  in  Lincolnshire,  and  Yorkshire, p.  315,  note;  Kimmeridge-clay,p.  315.;  deep 

Well  at  Lynn,  p.  3 16. 

Fossils  of  the  beds  below  the  chalk,  in  part  of  Bedfordshire,  Cambridgeshire,  and  Norfolk, 

(162.),  pp.  316,  317. 
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SUMMARY  AND  GENERAL  REMARKS,  (1G3.)— (173.),  pp.  318—33*. 

Gmteralor  abttracl  Section,  PI.  X.  b.  fig.  13.;  TbicknesB  of  strata,  (163.),  pp.  318 — 320. 

Order  of  Geological  eventt,  (164.),  p.  320. 

Local  distribulion  of  ttrata  in  the  South-east  of  England,  (I6J.),  p.  321. 

Chalk;    Upper  gree7i~iand,  p.  Si2. ;  Gault;  Lower  green-tand;   Wealden;  pp.  33.1,  324. ; 
Authorities  on  freshnateT  beds  below  the  chalk,  p.  394,  note. 

Theory  of  the  Wealden,  {\&&.),  p.3S4.;  Lakes  of  North  America,  p,  325. 

Wealden  in  other  diitrictt,  (167.),  pp.  3S6 — 328;  Scotland,  p.  336. ;  Loner  Boulonnois; 
p.  32e.;  Pays  de  Bray,  p.  326 — 328. 

Marine  deposits  coeval  with  the  fVealden;  probable  d|H-iort,  (168.),  p.  328.;  results  connected 
with  their  deposition,  p.  329. ;  places  of  the  occurrence  of  such  deposits,  p.  329,  330. ; 
Isle  of  Bornholm,  Helsingburg,  pp.  329,  330. ;  maybe  expected,  probably,  in  central 
France,  p.  330. ;  Portland-sand  to  be  distinguished,  p.  331. 

Beds  belonr  the  Wealden;  iotimately  connected,  (169.),  p.  331. ;  remarks  upon  thein,  p.  331. 

Composilimt  o/"  ttrola,  (170.),  p.  332,  t  formation  of  stone  amidat  loose  materials ; — of  sili- 
ceous petrifactions  amidst  calcareous  matter,  p.  33?. ;  petrified  shells,  sometimes  sili- 
ceous, p.  332. ;  Oolite  in  Oxfordshire,  with  freshwater  shells,  p,  333, ;  pisolitic  iron 
ore  in  the  Hastings-sands  of  England,  p.  333. 

Similarity  of  deposits  of  diferent  epochi(ni.),  p.  383. ; — of  Portland  beds  to  Chalk;  of 
Portland-sand  to  Green-sands  ;  of  WeaJden  to  the  red  and  variegated  marl  of  the  Nen 
red -sandstone,  and  of  beds  above  the  chalk,  and  to  the  coal  formations,  p.  333. 

/"dmi/j,  (173,),  p.  334. ;  systematic  list  referred  to;  too  defective  to  justify  general  infer- 
ences, p.  384.     Acknowledgement  of  Mr.  Lonsdale's  assistance  ;  Conclusion:  p.  334. 

APPENDIX. 
A. — DeteriptvunaUtre^ptetmg  the  theUtJigurtd  in  PUUetW.  to  XXIII.,  by  JAmasB  Cauk 

SovBKBT,  F.L.S.,  &c. :   pp.  335—848. 
A*,—FigVTt»ofyegeUibU'Rtmai»t\  ^fiAenopterw^iicitif;  (Wood-cut,  p.  181.).     Etidogtniitt 
eroM ;  Plate*  XIX.  sod  XX.,  p.  349.   Fossil  Cones  from  the  Wealdra,  Plate  XXI.  figg.  9, 
10,  and  11 ;  Cone  approaching  to  an  Ataucaria,  p.  349. 
B. — Sj/iteMotie  and  Slratigraplueal  List  ofFottiU,  pp.  350 — 368. 

Explanation  of  references,  p.  350.     Tables  of  Foaails,  pp.  351 — 368. 
C— £ul  ofHnghU,  pp.  S69— 381*. 

Explanation,  and  authorities,  p.^<[9 — 371.    Lial,  pp.  371 — 381*.    Railroad  Sections, 
375—^81*. 
D. — Additiont  and  correctiotu ;  p.  3SS*,  883*. 

Coast  west  of  Haaiings,  382* :  Bonesof  Birds  in  the  Wealden,  382*:  Supposed  Wcaldeo 
in  Northamptonshire,  383* :  Supposed  chalk  in  Rutlandshire,  383* :  Inoceramut  ia- 
termtditu,  363*. 


V. — Zoological  Observations  on  a  New  Fossil  Species  of  Chelydra, 

from  (Eningen. 

By  THOMAS  BELL,  Esq.,  P.G.S.  P.R.S. 

[Read  January  18,  1832.] 

X  HE  Testudo  serpentina  of  Linnasus  appears  long  since  to  have  been  con- 
sidered as  constituting  a  distinct  generic  form  by  the  accurate  Schweigger, 
who  applied  to  it  the  name  Chelydra ;  but  from  the  paper  in  which  this  di- 
stinction was  first  given  to  the  world  being  little  known,  this  tortoise  has 
since  received  the  generic  appellations  of  Saurochelys,  applied  to  it  by  La- 
treille,  of  Chelonura  by  Fleming,  and  of  Rapara  by  Gray.  The  last-men- 
tioned author  has,  however,  very  properly  restored  the  name  first  given  to  it, 
in  his  Synopsis  ReptUium,  the  first  part  of  which  has  recently  appeared. 

The  extraordinary  length  of  the  neck  and  tail,  the  great  comparative  breadth 
of  the  head,  and  especially  the  shape  of  the  sternum,  sufficiently  distinguish  it 
from  every  other  form  of  the  Testudinata.  The  sternum  is  very  narrow  and 
lozenge-shaped ;  and  the  ramus  of  the  sternum  (constituting  on  each  side  the 
symphysis  between  its  body  and  the  sterno-costal  suture)  is  exceedingly  long 
and  narrow^  so  as  to  give  the  whole  somewhat  the  form  of  a  cross. 

One  recent  species  only  has  hitherto  been  discovered,  the  Chelydra  serpen- 
tina ;  and  I  cannot  find  any  mention  of  fossil  remains  of  the  genus  in  any 
work  that  I  have  been  able  to  consult.  The  fine  specimen  which  I  will  now 
proceed  to  describe  is,  however,  fortunately,  sufficiently  perfect  to  leave  not  a 
moment's  doubt  of  its  relation  to  this  genus^  whilst  it  also  retains  sufficient 
osteological  characters  to  establish  it  as  a  distinct  species. 

Of  the  specimen  itself^,  although  but  little  of  the  dorsum  remains,  it  is  evi- 
dently the  upper  side  of  the  sternum  which  is  exposed,  as  is  shown  by  some 
portions  of  the  dorsal  margin,  which  are  still  seen  lying  over  the  limbs  as  they 
emerge  from  the  carapax.  This  is  most  obvious  at  the  part  where  the  left 
humerus  may  be  observed,  partly  lying  under  the  marginal  extremity  of  the 
anterior  ribs.  With  this  exception,  therefore,  the  whole  of  the  dorsal  portion 
is  wanting,  having  most  probably  been  removed  with  the  superincumbent 

•  Plate  XXIV. 
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layer  of  the  stone  when  the  mass  was  split.  It  is  necessary  to  state  these 
particulars,  as  a  superficial  view  of  the  specimen  would  convey  the  impression 
that  the  under  surface  is  the  one  exposed. 

Tlie  following  tabular  view  of  various  parts  in  the  recent  and  fossil  species 
will  shuw  at  once  the  distinctions  which  exist  in  their  relative  proportions. 
U  is  necessary  to  bear  in  mind  that  the  skeleton  of  Chelj/dra  serpentina,  from 
which  the  measurements  in  the  second  column  were  taken^  is  considerably 
smaller  than  the  fossil.  The  dimensions  are  given  in  inches  and  tenths  of  an 
inch. 

Fouil.  Beccnt. 

In.  Tmlhi.  Id.  Tenths. 

Length  of  ihe  dorsal  shell  18     0  11     0 

Drcadth  of  the  dorsal  sheW  at  the  union  willi  tlie  sternum. .        14     5  9     5 

Bri;acllh  of  llie  dorsal  shell  rniher  further  backvfards 15     5  9     5 

Breadth  of  the  sternum  at  the  symphysis,  including  the  ck- 

pansion  of  the  rami 13     0  8     5 

lircadtli  of  each  ramus  of  the  sternum  at  the  narrowest  part         17  0     5 
Length  from  the  cenirnl  union  of  the  bones  of  the  sternum 

to  the  posterior  margin  of  the  dorsal  shell 10     5  6     0 

Length  of  the  tail  beyond  the  margin  of  the  siiell 12     0  6     Jj 

From  a  comparison  of  these  details,  we  6nd  that,  taking  the  dimensions  of 
the  dorsal  shell  as  the  standard,  the  following  proportional  differences  exist 
between  the  fossil  and  recent  species.  The  expansion  of  the  upper  shell  in 
the  fossil  is  greatest  at  some  distance  posterior  to  its  union  with  the  branches 
of  the  sternum  ;  that  of  the  recent  is  widest  at  the  union.  The  breadth  of  the 
lateral  branches  or  rami  of  the  sternum,  in  the  former,  is  not  less  than  oue 
eighth  of  the  whole  breadth  of  the  sternum  ;  in  the  latter  it  is  not  more  than 
one  seventeenth.  These  differences,  with  the  much  greater  comparative 
length  of  the  tail  in  the  fossil  species,  warrant  me  in  consideringit  as  a  distinct 
species,  to  which  I  propose  to  give  the  name  Chelydra  Murchisonii,  after 
the  distinguished  president  of  this  Society,  to  whose  kind  interference  I  owe 
my  possession  of  it.  To  his  pen  I  leave  the  detail  of  every  particular  relative 
to  the  geological  situation  of  the  specimen  *,  but  I  think  it  may  not  be  uninter- 
esting to  state  a  few  fiacts  illustrative  of  the  habitat  and  manners  of  the  recent 
species,  especially  as  the  organization  of  the  two  species  is  so  similar  as  to 
preclude  the  possibility  of  any  considerable  difference  in  their  habits. 

The   Cheb/dra  serpentina  is  strictly  and  exclusively  an  American  form. 

There  is  no  approach  to  it  in  any  species  inhabiting  the  Old  AVorld.     It  is 

found  in  the  southern  states  of  North  America,  where  it  is  known  by  Ihe 

name  of  the  snapping  turtle.     It  has  also  been  termed  the  alligator  tortoise, 
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an  appellation  which  it  has  derived  from  its  general  form^  especially  the 
deeply  carinated  tail^  as  well  as  from  its  predatory  habits.  It  is  strictly  a 
freshwater  form,  and  is  highly  carnivorous,  seizing  its  living  prey  with  great 
avidity,  and  with  a  sudden  snapping  movement;  to  which  circumstance  it 
owes  its  common  name.  Its  food  consists  of  young  water-fowl,  fish,  and 
aquatic  reptiles ;  and  the  length  of  the  neck,  the  strength  of  the  jaws,  and 
the  robust  and  sharp  claws  with  which  the  feet  are  armed,  are  admirably 
adapted  for  seizing  and  tearing  its  prey.  I  have  observed  in  several  speci- 
mens which  I  have  kept  living,  that  when  teazed  they  will  remain  for  a  time 
motionless,  the  head  withdrawn  underneath  the  shell,  until,  at  a  convenient 
moment,  the  head  is  thrown  forwards  by  an  instantaneous  extension  of  the 
neck,  and  the  object  of  its  attack  seized  by  a  sharp  sudden  snap  of  the  jaws. 
I  have  seen  a  stick  nearly  as  large  as  the  little  finger  snapped  in  two  by  this 
sudden  movement. 

It  frequently  wanders  to  a  considerable  distance  from  the  lakes  in  which  it 
habitually  resides,  and  is  said  to  hybernate  either  in  mud  or  in  the  ground 
near  the  water.  A  specimen  which  I  possessed  last  year  repeatedly  endea- 
voured to  dig  a  retreat  for  itself  in  soft  earth,  which  it  removed  by  its  fore 
feet  with  great  rapidity,  entirely  concealing  itself  in  the  space  of  a  few  minutes. 
The  whole  of  the  freshwater  forms  are  strikingly  contrasted  with  those  of  the 
terrestrial  group,  in  the  ease  and  rapidity  of  their  movements,  and  in  their 
carnivorous  habits,  for  the  enjoyment  of  which  these  qualities  are  essentially 
required ;  and  the  group  to  which  the  present  genus  belongs  may  be  con- 
sidered as  possessing  those  powers  and  habits  in  the  greatest  degree,  with 
the  exception,  perhaps,  of  the  family  of  the  Trionychida,  which,  however,  if 
they  exceed  the  former  in  the  quickness  of  their  motions,  must  yield  to  tbem 
in  strength.    . 
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VI. — On  the  new  Red  Sandstone  Series  in  the  Basin  of  the  Eden,  and 
north-western  Coasts  of  Cumberland  and  Lancashire. 

By  the  Rev.  ADAM  SEDGWICK,  P.R.S.  V.P.G.S.  &c. 

(WOODWARDIAN  PROFESSOR  IN  THE  UNIVERSITY  OF  CAMBRIDGE.) 

[Read  February  1,  1832.] 

Introduction. 

Xn  two  papers  read  before  the  Geological  Society  during  the  Sessions  of  the 
past  year  *,  I  endeavoured  to  describe  the  phaenomena  exhibited  along  the 
line  where  the  carboniferous  chain  of  Yorkshire  and  Westmoreland  strikes 
against  the  old  slate  rocks  of  the  Cumbrian  mountains.  Taking  up  the  sub- 
ject where  it  had  been  left  by  Mr.  Phillips  f^  a  series  of  enormous  faults  and 
dislocations  were  traced^  nearly  along  this  line  of  junction^  to  the  foot  of 
Stainmoor;  and  it  was  shown  that  mountain  masses  of  rock^  torn  off  from  the 
carboniferous  series^  were  thrown  down  with  a  reversed  dip  into  the  higher 
part  of  the  valley  of  the  Eden^  near  Kirkby  Stephen ;  and  that  after  many 
breaks  and  contortions^  they  gradually  gained  a  more  regular  strike  and  dip^ 
and  were  prolonged  into  a  chain^  forming  the  northern  outskirt  of  the  primary 
Cumbrian  system^  and  terminating  at  Egremont.  It  was  at  the  same  time 
shown  that  another  faulty  ranging  under  the  escarpment  of  the  Cross  Fell 
chain^  produced  a  corresponding  effect  on  that  part  of  the  carboniferous  series  ; 
and  that  both  these  great  disruptions  took  place  at  a  period  anterior  to  a 
portion  of  the  conglomerates  of  the  new  red  sandstone}. 

In  this  paper  I  purpose  to  give  a  sketch  of  the  new  red  sandstone  series^ 
which  spreads  from  both  banks  of  the  Eden  to  the  base  of  the  neighbouring 
mountains^  and  afterwards  skirts  the  coasts  of  Cumberland  and  Low  Furness. 
In  performing  this  task  I  shall  endeavour  to  describe  in  order, 

1st,  The  geographical  distribution  of  the  red  sandstone  series^  and  the 
features  of  the  country  through  which  it  ranges ; 

2ndly,  Two  or  three  masses  of  older  rock^  which  appear  within  the  limits  of 
the  red  sandstone ; 

*  Geological  Transactions,  Second  Series,  vol.  iv.  pp.  47,  69. 

f  Geological  Transactions,  Second  Series,  vol.  iii.  p.  1.  %  See  Plate  XXV.  fig.  2. 
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Srdlyj  The  successive  deposits  entering  into  tlie  red  sandstone  series,  with 
a  view  to  their  comparison  with  the  corresponding  groups  in  Yorkshire  and 
Durham  ; 

4thlyj  By  way  of  conclusion,  I  shall  endeavour  to  give  a  general  compa- 
rison of  the  red  sandstone  series  of  Scotland  and  England,  in  the  hopes  of 
thereby  establishing  some  general  subdivisions,  by  help  of  which  tlie  several 
groups  may  he  brought  into  at  least  an  approximate  comparison  with  each 
other. 

The  details  of  this,  and  of  the  two  other  papers,  will  nearly  define  the  geo- 
graphical limits  of  the  primary  Cumbrian  mountains,  a  general  description  of 
which  I  hope  in  a  short  time  to  lay  before  tlie  Society. 

§  I.  Geographical  distribution  of  the  Red  Sandstone  Series,  Sfc. 
Between  the  chain  of  Cross  Fell  and  the  primary  Cumbrian  mountains  the 
red  sandstone  series  fills  a  triangular  area,  the  vertex  of  which  may  be  placed 
in  one  of  the  tributaries  of  the  river  Eden,  not  far  from  Brough,  and  its  base 
on  the  frontier  of  Dumfriesshire  and  the  Solivay  Firth.  Respecting  the  range 
of  the  north-eastern  side  of  this  triangular  area,  I  have  few  details  to  offer  which 
are  worth  recording  ;  but  I  may  state  in  general  terms,  that  if  the  vertex  be 
placed  on  the  banks  of  the  Belah  (above  the  bridge  on  the  road  from  Brough 
to  Kirkby  Stephen),  the  boundary  line  may  thence  be  drawn,  by  Brough 
Castle  and  the  north-eastern  side  of  Brough  Hill,  to  the  foot  of  the  carboni- 
ferous chain  a  little  above  Helton;  and  that  in  the  remaining  part  of  its  course 
to  the  frontier  of  Scotland,  it  continues  to  skirt  the  chain  very  nearly,  as  it 
represented  in  Mr.  Greenough's  map*. 

*  During  the  Bummer  of  16S4  I  examined  &  part  of  the  Cross  Fell  chain  nith  Mr.  Bowaiemd,  of 
Corpus  Christ)  College,  Cambridge ;  and  from  our  joint  otuerrations,  a*  well  as  from  information  be 
has  bad  the  kindness  to  communicate,  I  may  add  the  folloning  account  of  the  north-eaatem  demar- 
cation of  the  new  red  sandstone.  After  skirting  the  north-eastern  side  of  Brough  Hill,  it  ranges 
nearly  in  the  direction  of  Burton ;  and  the  rock  is  seen,  in  the  fonn  of  a  highly  calcareous  conglo- 
merate, in  Walk  Mill  Beck.  Thence  the  line  ranges  ahove  Burton ;  and  skirting  the  hills  at  a  con- 
siderable elevation,  passes  under  the  base  of  Roman  Fell  (which  is  composed  of  disturbed  beds  of 
old  red  mndttone),  and  is  prolonged  a  little  above  Helton,  and  just  above  Murton.  Beyond  the  last- 
named  village  the  line  has,  for  a  few  miles,  a  more  westerly  range,  so  as  to  pass  considerably  below 
Keisley  ;  after  which  it  is,  by  a  more  northerly  course,  brought  a  little  above  the  village  of  Dufton, 
from  which  it  may  be  traced  across  Swindale  Beck,  near  the  village  of  Knock.  From  this  place  the 
line  (still  skirting  the  hills  at  a  considerable  elevation,  though  the  beds  of  red  sandstone  are  nearly 
horizontal)  may  l>e  traced  above  Milburne,  Ouseby,  and  Melmerby  ;  through  Raven  Beck,  a  little 
above  Renwick  ;  and  just  above  Croglin,  from  which  place  it  is  prolonged  near  the  base  of  the 
great  carboniferous  escarpment,  as  may  be  seen  in  numerous  sections  where  tlie  rocks  are  laid  bare 
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The  direction  of  the  south-western  boundary  has  been  ascertained  much 
more  correctly,  by  observations  carried  on  from  one  end  of  it  to  the  other. 
Its  minute  description  is,  however,  thrown  into  an  appendix,  beings  necessarily 
made  up  of  details,  which,  though  tiresome  and  uninstruclive  if  read  before 
the  Society,  may  assist  in  the  completion  of  our  geological  maps,  and  be  of 
some  value  as  matters  of  reference.  Such  facts  only  w  ill  be  mentioned  here, 
as  throw  light  on  the  structure  of  the  red  sandstone,  and  help  to  establish  its 
subdivisions. 

Where  the  red  sandstone  series  first  appears  in  the  ramifications  of  the 
Eden,  near  Brough  and  Kirkby  Stephen^  it  is  chiefly  seen  as  a  conglomerate, 
abounding  in  fragments  of  mountain  limestone,  and  cannot,  when  it  has  that 
form,  be  mineralogically  distinguished  from  the  overlying  conglomerates  on 
the  skirts  of  the  Mendip  Hills.  It  is  generally  in  a  state  of  complete  indu- 
ration where  the  calcareous  fragments  abound ;  and  it  sometimes  passes  into 
mere  brecciated  beds  of  lirt**stone  :  but  other  parts,  especially  where  the  peb- 
bles are  rounded,  and  the  sand  and  cement  abundant,  are  soft  and  crumbling. 
In  the  arrangement  of  the  several  varieties  of  the  formations,  though  the 
beds  are  nearly  horizontal,  there  is  very  little  approach  to  symmetry  or  order. 
Hence  the  conglomerates  oflTer  a  very  unequal  resistance  to  the  action  of  the 
elements  ;  and  above  Kirkby  Stephen,  where  the  Eden  makes  its  way  through 
them,  they  have  been  worn  into  channels  of  extraordinary  complexity.  Chasms 
and  deep  basins  are  naturally  scooped  out  where  the  rock  offers  the  least  re- 
sistance ;  and  by  these  inequalities  great  eddies  are  formed  in  the  river  during 
every  mountain  flood,  which  by  whirling  round  the  hard  pebbles  at  the  bottom 
of  each  basin,  gradually  grind  away  the  solid  rock,  and  carry  on  the  work  of 
excavation  far  below  the  surface.  Caverns  are  thus  formed ;  and  masses  of 
conglomerate  become  so  far  undermined,  as  sometimes  to  allow  a  new  passage 
to  the  river  far  below  the  level  where  it  once  flowed. 

A  fine  example  of  this  kind  occurs  at  Stenkreth  Bridge  near  Kirkby  Stephen, 
where  the  waters,  after  washing  the  inclined  strata  of  mountain  limestone  be- 
low Pendragon  Castle,  plunge  among  the  horizontal  masses  of  conglomerate  ; 
after  which,  for  a  short  space,  they  are  heard  roaring  in  a  subterranean  chan- 
nel, communicating  by  a  narrow  cleft  (called  the  span  of  the  Eden)  with  what 

by  mountain  torrents.  Further  towards  the  north  the  calcareous  chain  declines  in  elevation,  and 
the  demarcation  of  the  new  red  sandstone  is  often  ill  defined.  The  best  approximation  to  its  course 
that  has  yet  been  published,  may  be  seen  in  Mr.  Greenough's  map.  It  passes  (as  there  represented) 
to  the  east  of  Brampton,  after  which  it  ranges,  in  a  sinuous  line,  very  much  concealed  by  alluvial 
detritus,  but  on  the  whole  bearing  nearly  due  north  till  it  crosses  the  Liddel  and  enters  Scotland ; 
then  it  is  deflected  nearly  to  the  west,  and  crosses  the  Esk  just  above  Canobie  Bridge. 
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appears  to  have  been  the  ancient  bed  of  the  river.  Within  the  memory  of  man 
this  cleft  might  be  spanned  by  the  human  hand ;  but  it  is  now,  by  an  act  of 
wanton  mutilation,  despoiled  of  a  portion  of  its  honours,  so  that  the  projecting 
ledges  of  rock,  at  their  nearest  point  of  approach,  are  about  two  feet  asunder. 

A  little  way  below  Kirkby  Stephen  the  conglomerates  are  in  a  state  of  ex- 
treme induration,  and  rise  in  large  flat  beds,  sometimes  used  for  coarse  flag- 
stones and  coping-stones,  a  purpose  to  which  the  conglomerates  of  the  new 
red  sandstone  are  also  applied  in  the  neighbourhood  of  the  Mendip  Hills. 

The  relations  of  the  overlying  series  are  extremely  obscQre  for  several 
miles  bclo%v  Brough  and  Kirkby  Stephen,  being  much  concealed  by  enormous 
masses  of  transported  materials.  The  new  red  sandstone  is  however  seen,  in 
several  places,  in  the  channel  of  the  Eden,  and  the  line  of  demarcation  passes, 
on  the  whole,  considerably  to  the  south  of  its  left  bank*.  In  the  rivulet  which 
descends  to  Little  Ormside,  and  at  Burrels,  to  the  south  of  Appleby,  the  conglo- 
merates are  again  exposed ;  and  (though  the  sections  are  obscure)  appear, 
from  their  position,  to  be  at  the  base  of  the  red  sandstone  serie3+.  Near 
Burrels  they  form  a  tine  escarpment,  parts  of  which  contain  large  fragments 
of  mountain  limestone  (sometimes  rounded  but  generally  angular)  and  are 
extensively  burnt  in  the  neighbouring  kilns:  other  parts  of  the  escarpment 
are  of  a  finer  structure,  rise  in  thick  flaggy  beds,  and  are  used  for  building. 
The  imbedded  pebbles  and  fragments  of  gritstone  and  bmestone  seem  to  be 
derived  exclusively  from  the  neighbouring  carboniferous  formations  ;  and  are 
held  together  by  a  red,  calcareo-f err ugi nous  cement,  more  or  less  mixed  with 
siliceous  aand,  and  in  a  very  variable  state  of  induration.  Subordinate  to  the 
cement  (which  does  not,  as  in  some  parts  of  England,  contain  an  excess  of 
magnesia)  are  a  few  concretionary  nodules  of  red  oxide  of  iron. 

The  range  of  the  demarcation  through  the  remaining  part  of  Westmore- 
land, till  it  crosses  the  Eamont  below  Eamont  bridge,  presents  no  phsnomena 
of  much  interest.  It,  however,  deserves  remark,  that  in  this  district,  especially 
near  Cliburn,  the  red  sandstone  is  Bu£Bciently  hard  and  thin-bedded  to  be  used 

'  Id  tUa  portion  of  the  range,  by  hi  the  greatest  area  of  tlie  red  sandstone  ii  expanded  b^ood 
the  right  bank  of  the  Eden.  Partly  in  consequence  of  the  great  fault  above  noticed,  all  the  (dder 
forniationi,  near  the  base  of  the  Cross  Fell  chain,  have  a  high  angle  of  inclination,  and  muat  have 
nnce  formed  a  deep  trough  for  the  reception  of  the  newer  deposits.  As  a  natural  result  of  this 
position,  the  red  sandstone  is  often  found  abutting  against  the  inclined  strata  close  to  the  base  of 
the  chain  ;  which  throughout  presents  a  sleep  escarpment  towards  the  neighbouring  plain.  The 
south-western  boundary  of  the  red  sandstone  rests  (on  the  contrary)  on  slightly  inclined  beds  of 
the  carboniferous  series ;  and  is,  consequently,  thrown  off  to  a  great  distance  from  the  primary 
central  groups,  and  in  one  or  two  places  approaches  very  near  to  the  left  bank  of  the  Eden. 

t  See  Plate  XXV.  fig.  S. 
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for  roofing-slate.  In  England  such  a  structure  must  be  considered  rare ;  but  in 
Dumfriesshire  the  new  red  sandstone  not  unusually  rises  in  flaggy  beds  which 
are,  I  believe,  sometimes  applied  to  a  similar  purpose. 

The  further  range,  to  the  coast  of  Cumberland,  is  detailed  in  the  Appendix 
(p.  405);  and  it  is  sufficient  in  this  place  to  state,  that  the  line  of  demarcation 
incloses  Penrith  Beacon,  Thiefside  Pell,  and  the  great  quarries  of  Highhead 
Castle ;  and  that,  after  skirting  the  Bolton  coal  field,  it  stretches  in  a  direction 
nearly  east  and  west,  and  runs  into  the  sea  on  the  south  side  of  Maryport.  Along 
this  line  there 'are  no  traces  of  conglomerates  (like  those  above  described); 
nor,  in  general,  is  there  anything  in  the  position  of  the  red  sandstone  beds  to 
prove  that  they  are  unconformable  to  the  carboniferous  beds  on  which  they 
rest*.  They  make  no  regular  escarpment,  and  there  is  moreover  a  difiiculty 
in  determining  their  exact  limits,  of  which  those  who  have  only  studied  the 
types  of  our  south-western  coal  fields  can  hardly  form  a  just  estimate.  The 
gritstone  beds  of  the  carboniferous  series  are,  here  and  there,  of  a  deep  red  co- 
lour, and  cannot  always  be  distinguished  from  the  new  red  sandstone.  More- 
over there  seem  to  be,  along  some  portions  of  this  line,  traces  of  a  lower  red 
sandstone,  forming  a  connecting  link  between  the  true  carboniferous  rocks 
and  the  formation  I  am  now  describing f. 

Between  the  south-western  boundary  of  the  new  red  sandstone  and  the 
banks  of  the  Eden,  there  are  many  tracts  of  wild  sterile  land.  For  the  rich 
gypseous  marls,  which  give  so  much  fertility  to  the  great  plain  of  central 
England,  are  there  almost  entirely  wanting  ;  and  the  subsoil  is  composed  of 
a  barren  sandstone,  on  the  parallel,  if  I  mistake  not,  of  the  forest  sand  of  Not- 
tinghamshire. This  sandstone  has  been  exposed  to  great  degradations  since 
the  time  of  its  first  deposit ;  but  by  taking  the  height  of  Penrith  Beacon,  and 
adding  to  it  the  depth  of  the  borings  in  search  of  coal,  near  its  base,  we  have 
a  proof  that  the  portions  of  red  sandstone,  still  remaining,  are  in  some  places 
of  a  very  great  aggregate  thickness  |. 

The  great  degradation  of  the  red  sandstone  is  proved,  not  only  by  the 

*  The  neighbourhood  of  Rosley  seems  an  exception  to  this  remark,  for  the  coal  strata  are  there 
much  shattered,  and  in  some  places  highly  inclined^  while  the  overlying  formation  of  red  sand- 
stone is  nearly  horizontal. 

-)*  Among  the  dislocated  and  highly-inclined  beds  near  Brough,  the  grits  of  the  carboniferous 
series  are  generally  iron-shot,  and  not  unusually  of  a  deep  red  colour.  Rocks  of  a  similar  colour, 
but  of  more  doubtful  relations,  occur  near  the  line  of  the  road  between  Penrith  and  Newton  Raney ; 
also  in  the  same  neighbourhood  near  Catterlem  and  Button.  Again,  a  few  miles  west  of  Mary- 
port,  there  are  examples  of  a  red  grit  (probably  portions  of  the  "lower  red  sandstone")  near  the 
demarcation  above  noticed. 

t  At  a  place  caUed  Honey  Pot,  close  to  the  banks  of  the  Eamont,  a  litde  below  Penrith,  they 
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outline  of  the  country,  but  also  by  the  enormous  masses  of  drifted  materials 
by  whicb  it  is  accompanied.  It  is  no  part  of  my  object  to  describe  these 
materials  in  detail;  but  I  may  here  remark,  that  mingled  with  them,  and 
overlying  them,  are  great  bowlders  of  Shap  granite,  which  have  been  drifted 
over  the  hills  and  plains  skirting  the  Eden  from  Appleby  to  the  foot  of  Stain- 
moor*;  that  enormous  masses  of  Carrock  Fell  syenite  and  other  crystalline 
Cumbrian  rocks  have  been  drifted  as  far  as  the  shores  of  the  Solway  Firth, 
where  they  are  found  mixed  with  other  great  bowlders,  brought  by  opposite 
currents  from  the  mountains  of  Dumfriesshire  ;  and  lastly,  that  the  red  sand- 
stone is  often  buried,  for  miles  together,  under  great  heaps  of  the  old  alluvial 
detritus,  which  has  modiHed  all  the  external  features  of  the  region,  and  some- 
times produced  a  fertility  little  known  where  the  undisturbed  rock  is  near  the 
surface. 

Prom  the  red  cliffs  of  Maryport  to  St.  Bees  Head  (a  distance  of  thirteen  or 
fourteen  miles,  estimated  in  a  straight  line),  the  whole  coast  is  occupied  by  the 
coal  measures,  excepting  one  place  a  little  north  of  Workington,  and  two  or 
three  places  near  Whitehaven,  where  we  find  an  intermediate  sandstone,  form- 
ing, apparently,  a  connecting  link  betHeen  the  true  carboniferous  and  new  red 
sandstone  groups.  The  red  sandstone  of  St.  Bees  Head  appears  to  dip  con- 
formably to  the  coal  measures,  fi-om  which  it  is  separated,  not  only  by  the  in- 
termediate sandstone  before  noticed,  but  also  by  the  magnesian  limestone  and 
conglomerate  which  strike  across  the  headland  to  Ben  How  quarry  f,  where 
they  are  cut  off  by  the  valley  of  St.  Bees,  to  the  south  of  vrhich  the  yellow 
limestone  is  no  more  seen  in  Cumberland. 

Notwithstanding  the  position  of  the  beds  at  St.  Bees  Head,  it  is  obvious 
that,  when  considered  on  a  great  scale,  the  formation  Is  unconformable  to  the 
coal  series ;  for  the  same  beds,  in  their  prolongation  to  Egremont,  cross  ob- 
liquely over  the  range  of  the  mountain  limestone,  and  the  new  red  sandstone 
is  expanded  in  irregular  outliers  &r  within  the  limits  of  the  coal  field^. 

Between  Egremont  and  Gossforth,  the  formation  appears  to  have  undergone 
a  movement  of  elevation ;  for  its  beds  dip  at  a  considerable  angle  to  the  west, 

bored  seventy-four  fathoms  in  search  of  coal.  It  is  said  that  they  pasted  through  only  fifteen 
fathoms  of  red  sandstone  before  they  reached  the  coal  measures. 

*  Ii  is  well  known  chat  the  bowlders  of  Shap  granite  have  drifted  over  Stainmoor  to  the  plains  of 
Yorkshire,  and  even  as  far  as  the  eastern  coast.  They  have  also  been  drifted  to  the  western  coasi 
below  Milnlhorp  in  Westmoreland  ;  and  they  abound  in  the  masses  of  gravel  which  are  found  near 
the  tops  of  the  high  hills  between  Sedberg  and  Kendal.  f  See  Plate  XXV.  fig.  4. 

J  These  outliers  will  be  laid  down  on  a  map  to  accompany  a  subsequent  memoir  on  the  White- 
haven coal  field. 
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and  the  demarcation  ranges  at  a  high  elevation  along  the  flanks  of  the  neigh- 
bouring mountains*.  To  the  south  of  Gossforth,  all  the  low  region  border- 
ing on  the  coast  is  so  much  concealed  by  transported  matter^  that  the  red  sand- 
stone is  visible  only  in  a  very  few  places  :  it,  however,  comes  to  the  surfiice, 
or  has  been  reached  by  artificial  excavations,  in  several  places  north  of  Bootle, 
where  it  appears  to  rest  immediately  on  the  granite f.  Indeed,  all  the  cUfis 
for  eight  or  ten  miles  south  of  Ravenglass  are  composed  of  a  coarse  red  gra- 
vel, looking  like  materials  formed  by  the  breaking  up  of  the  red  sandstone, 
and  probably  resting  on  it, — a  conclusion  confirmed  by  the  appearance,  during 
low  spring  tides,  of  two  reefs  of  red  sandstone  (Brandreth  Scar  and  Codlin 
Rock)  not  far  from  the  coast.  Between  Bootle  and  Duddon  Mouth  no  red 
sandstone  has  been  found  in  situ,  though  the  coarse  red  gravel  extends  several 
miles  to  the  south  of  the  former  place.  All  the  southern  part  of  the  promon- 
tory (with  the  exception  of  Hodbarrow  Point,  where  there  is  a  patch  of  moun- 
tain limestone),  is^  however,  composed  of  marsh  land  or  of  drift  sand;{;. 

To  the  south  of  the  Duddon  estuary,  the  red  sandstone  again  appears  in 
great  force,  overlying  the  carboniferous  series  ;  and  though  buried  in  many 
places  under  enormous  mounds  of  diluvial  gravel,  there  can  be  no  doubt  that 
it  forms  the  subsoil  of  the  whole  south-western  extremity  of  Low  Furness. 

It  deserves  remark  in  this  place,  that  at  Hole  Beck,  near  Stank,  in  a  very 
deep  denudation,  yellow,  cellular  beds  of  magnesian  limestone  are  exposed  at 
the  base  of  the  red  sandstone  §. 

The  red  sandstone  is  probably  also  expanded  under  the  low  region  at  the 
south-western  extremity  of  Cartmel  Fells  ;  as  it  is  said  to  have  been  reached 
in  two  places  by  excavations,  and  it  appears,  as  a  very  characteristic  conglo- 
merate, unconformable  to  the  mountain  limestone  near  Flookborough  Spaw. 
No  traces  of  it  have,  I  believe,  been  discovered  on  the  neighbouring  coasts  of 
Westmoreland  and  Lancashire;  but  it  reappears  (far  beyond  the  limits  of  the 
country  I  am  attempting  to  describe)  in  a  small  patch,  at  Westhouse,  near 
Ingleton  ;  as  has  been  already  noticed  by  Professor  Phillips  ||. 

These  detached  masses  of  the  new  red  sandstone  prove,  at  least,  that  the 
formation  was  at  one  time  expanded  over  a  much  larger  surface  than  it  is  at 
present :  indeed,  there  can  be  little  doubt  that  it  once  extended,  in  a  conti- 
nuous mass,  from  the  shores  of  Cumberland  to  South  Lancashire  and  Cheshire. 
That  much  of  it  has  been  swept  away,  is  shown  by  the  whole  aspect  of  the 

♦  See  Plate  XXV.  fig.  5.  t  See  Plate  XXV.  fig.  6. 

^  By  comparing  this  description  with  Mr.  Greenough's  geological  map,  it  will  be  seen  that  he 
has  extended  the  red  sandstone  of  the  Cumberland  coast  considerably  too  far  south. 

§  See  Plate  XXV.  fig.  7.  ||  Geological  Transactions,  Second  Series,  vol.  iii.  pi.  2. 
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neighbouring  country.  I  have  already  noticed  the  accumulations  of  old  allu- 
via! detritus  south  of  Eden  ;  but  they  bear  no  comparison  to  the  vast  heaps  of 
similar  materials  which  cover,  to  an  unknown  depth,  nearly  all  the  tracts  of  low 
land  bordering  on  the  coast  of  Cumberland  :  and  all  the  islands  off  the  coast  of 
Low  Furness  are  exclusively  composed  of  rounded  masses  of  rock  (sometimes 
many  tons  in  weight,)  brought  down  from  the  otd  Cumbrian  and  Lancashire 
chains,  and  imbedded  in  a  kind  of  red  alluvial  loam  derived  from  the  degra- 
dation of  the  red  sandstone  *.  In  some  parts  of  the  coast  the  alluvial  con- 
glomerates arc  solidified,  and  only  lo  be  distinguished  from  the  true  conglo- 
merates of  the  new  red  sandstone  by  the  greater  freshness  of  the  imbedded 
pebbles  :  for  the  pebbles  of  the  old  conglomerates  (however  distinguishable 
in  mineral  structure,)  have,  in  the  regions  I  am  describing,  almost  universally 
undergone  a  progress  towards  decay,  and  are  sometimes  hollow  and  entirely 
incoherent  f. 

Before  I  go  on  to  the  next  section  of  this  paper,  it  may  be  well  briefly  to 
recapitulate. 

(I.)  The  red  sandstone  series  above  described  appears  among  the  last  ra- 
mifications of  the  Eden,  in  a  position  decidedly  unconformable  to  the  carbo- 
niferoua  limestone|. 

(2.)  In  its  prolongation  it  rests  upon  the  upper  portion  of  the  carboniferous 

•  The  erratic  blocks  of  the  Cumbrian  mountnins  are  not  confined  lo  ihe  places  above  indicated, 
but  have  been  carried,  in  incredible  abundance,  over  the  plains  of  Soutli  Lancashire  and  Cheshire. 
They  Ate  alao  ibiuid,  at  a  great  elevation  (for  exampJe,  iiear  the  top  of  tlie  pass  from  MacdeifieJiJ 
to  Buxton),  on  the  chain  of  hilli  which  separatea  Cheshire  and  Derbyshire.  I  also  found  them 
last  summer,  though  generally  much  diminished  in  siaei  on  the  flanks  of  the  Denbighshire  hills, 
above  Oswestry.  To  what  cause  are  we  to  attribute  this  drifl  of  the  Cumbriui  rocks  T  Whatever 
it  may  have  been,  it  must  have  acted  at  a  comparalwely  recent  period ;  for  many  of  the  travelled 
bowlders,  though  lyii%  bare  on  the  surface,  are  very  little  decompoaed,  and  still  ring  under  dw 
hammer.  The  present  condititni  of  the  Cumbrian  valleys  coafirms  the  previous  statement ;  tot  an 
examination  of  them  leads  us  inevitably  to  two  conclusions:  Ist,  that  they  were  not  formed  by  the 
erosion  of  the  waters  now  flowing  through  them ;  Sndly,  that  tbe  causes  by  which  they  were  brought 
into  their  present  form  must  have  ceased  their  action  at  a  comparatively  recent  period.  Every  Cum- 
brian valley  which  contains  a  lake  gives  an  independent  proof  of  what  is  here  asserted. 

t  Considered  as  mere  mineral  specimens,  the  conglomerates  of  the  old  red  sandstone,  in  the 
North  of  England,  have  of^n  a  much  newer  appearance  than  those  of  the  new  red  sandstone.  This 
fact  may  be  partly  due  to  the  cementing  principle,  and  partly  to  the  more  indestructible  nature  of 
the  imbedded  pebbles  of  the  old  red  conglomerates.  Both  in  the  South-west  and  North  of  England, 
the  fragments  of  mountain  limestone,  which  enter  so  largely  into  the  new  red  conglomerates,  are 
generally  well  preserved  where  the  cementing  principle  is  highly  calcareous ;  but  where  the  cement 
is  siliceous,  tbe  limestone  pebbles  are,  I  believe,  universally  decomposing,  and  in  S( 
have  almost  disappeared. 

+  Plate  XXV.  fig.  2. 
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series ;  and^  in  the  long  range  from  Appleby  to  Maryport^  there  are  few  places 
where  the  two  formations  can  be  shown^  by  their  dip  or  inclination^  to  be  in 
an  unconformable  position. 

(3.)  At  St.  Bees  Head  it  has  apparently  the  same  dip  as  the  coal  measures*. 
But  in  the  same  neighbourhood  it  is  proved  to  pass  obliquely  over  their  out- 
crop; and^  after  overlapping  the  mountain  limestone^  to  range  along  the 
flanks  of  the  primary  mountains  f . 

(4.)  It  overlies  the  carboniferous  system  of  Low  Furness^  and  reappears  in 
the  next  promontory^  as  a  conglomerate  unconformable  to  the  mountain  lime- 
stone. 

It  offers^  therefore^  most  obvious  analogies  to  the  new  red  sandstone  series 
of  many  other  parts  of  England.  In  one  respect^  however,  it  greatly  differs 
from  the  overlying  red  sandstone  of  the  great  Bristol  and  Welsh  coal  fields ; 
as  its  beds  are^  in  a  part  of  its  range^  not  only  parallel  to  the  beds  of  the  car- 
boniferous series^  but  appear^  through  an  intermediate  sandstone^  so  nearly  to 
pass  into  them^  that  it  becomes  extremely  difficult  to  define  the  precise  limits 
of  the  two  formations. 

§  2.  On  some  detached  Masses  of  the  Carboniferous  Series  within  the  area 

of  the  New  Red  Sandstone, 

There  may  be  three  causes  to  account  for  the  appearance  of  such  masses : 
Ist^  When  the  chain  of  Cross  Fell  was  severed  (by  the  great  dislocation 
above  noticed)^  from  the  carboniferous  chain  now  forming  the  outskirts  of  the 
primary  Cumbrian  system^  it  seems  probable  (independently  of  direct  evidence)^ 
that  some  large  dislocated  masses  of  rock  would  be  left  in  the  intervening  area 
which  is  now  generally  covered  with  the  new  red  sandstone.  Sndly^  The  red 
sandstone  may^  when  first  deposited^  have  been  of  a  very  irregular  thickness^ 
and  in  some  places  may  have  left  the  inferior  rocks  partially  uncovered. 
Srdly^  The  protruding  masses  of  the  older  rocks  may  have  been  laid  bare  by  the 
great  denudations  already  mentioned.  To  one  or  more  of  these  causes  we 
may  attribute  the  appearance  of  the  detached  portions  of  the  carboniferous 
series  I  am  about  to  notice. 

The  first  example  occurs  near  the  middle  of  Broadfield  (once  a  wild  heathy 
tract  of  land^  but  now  inclosed)^  about  six  miles  due  south  of  Carlisle^  and 
about  a  mile  and  a  half  east-south-east  of  the  village  of  Gatesgill.  Close  to 
the  meeting  of  four  roads^  fine  contorted  masses  of  mountain  limestone  are 
exposed  in  three  quarries^  two  on  the  east  side  of  the  Penrith  road^  and  one 

•  Plate  XXV.  fig.  1.  t  Plate  XXV.  fig.  5  &  6. 
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<in  the  west*.  In  the  two  eastern  quarries  we  have  fine  thick  beds  of  moun- 
tain limestonej  some  dipping  south-south-east,  and  others  nearly  perpendicu- 
lar, surmounted  by  several  iinpure  beds,  which  will  not  burn  to  lime,  and 
by  about  fifteen  feet  of  gravel,  tinged  red  with  fragments  of  the  new  red  sand- 
stone, in  the  western  quarry  the  dip  is  about  north-north-east.  At  one  end 
of  it  the  limestone  is  more  than  twenty  feet  thick  ;  but  it  thins  off,  at  the  oth^ 
end,  to  about  half  that  thickness.  This  mass  is  associated  with  a  white  free- 
stone, and  with  an  impure,  ferruginous,  encrinite  limestone  unfit  for  use.  Some 
purple-coloured  shale  and  siliceous  gritstone,  laid  bare  in  a  small  excavation 
about  half  a  mile  south-west  of  these  quarries,  appear  also  to  belong  to  the  car- 
boniferous series ;  but  how  far  they  are  expanded  over  the  plateau  of  Broad- 
field,  it  would  be  no  easy  matter  to  determine,  in  the  present  concealed  state  of 
the  country.  In  the  valleys  of  Ivegill  and  Raw  Beck,  to  the  south  and  east  ol" 
Broadfield,  there  are,  however,  very  fine  escarpments  of  new  red  sandstone. 

The  next  example  is  seen  in  Chalk  Beck,  about  a  mile  north-east  of  Rosley, 
and  three  quarters  of  a  mile  abo\e  Chalk  Foot.  On  the  right  bank  of  the 
rivulet  there  is  an  escarpment  of  limestone  between  20  and  30  feet  thick,  sur- 
mounted by  30  or  40  feet  of  red  diluvial  gravel.  Close  to  this  escarpment  are 
beds  of  new  red  sandstone,  partly  resting  upon  the  limestone,  and  partly  sepa- 
rated from  it  by  thin  beds  of  conglomerate  containing  angular  fragments  of 
hmestone.  In  such  a  position  it  might  easily  be  mistaken  for  a  portion  of  the 
formation  of  magnesian  limestone,  especially  as  some  of  the  beds  are  earthy 
and  cellular ;  and  all  of  them  are  yellow,  and  contain  magnesia.  It,  however, 
on  the  whole,  more  resembles  the  dolomitic  varieties  of  mountain  Umestone; 
and  it  dips  slightly  to  east  by  south,  while  the  nearest  beds  of  red  sandstone 
dip  north-DOrth-west.  Moreover,  it  contains  Orthoceratites,  beautiful  corals 
of  the  genus  Caryophyllia,  resembling  species  well  known  in  the  mountain 
limestone,  and  large  Productse,  among  which,  if  I  mistake  not,  is  the  Pro- 
ducta  Scotica ;  but  it  does  not  contain  any  characteristic  fossil  of  the  magne- 
sian limestone  formation.  On  these  accounts  I  do  not  hesitate  to  class  it  with 
the  outlying  rocks  of  Broadfield,  which  are  undoubtedly  of  the  carboniferous 
orderf. 

The  last  instance  which  fell  under  my  notice,  of  any  outlying  portion  of 

•  The  locality  is  defined  on  the  county  maps  by  the  meeting  of  four  roads, — from  Catesgill,  from 
High  Burnthwaite,  from  Burghthnaite,  and  from  ItonReld. 

f  There  may  be  some  doubt  whether  the  Chalk  liinestonc  be  jvithin  the  area  of  the  new  red 
sandstone,  of  which  it  is  impossible  to  lay  down  the  demarcation  in  a  continuous  line.  There  is, 
however,  an  outbreak  of  the  red  sandstone  at  Green  quarry,  about  half  a  mile  further  up  Chalk 
Beck. 
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the  carboniferous  rocks  within  the  area  of  the  new  red  sandstone^  occurs  near 
the  village  of  Aketon^  about  four  miles  north  of  Wigton.  Some  of  the  neigh- 
bouring country  is  much  covered  by  ancient  turf  bog  and  a  peculiar  sandy  al- 
luvion ;  but  to  the  north  of  the  village  some  beds  of  limestone  afid  shale  are 
laid  bare  on  both  sides  of  the  road ;  and  if  1  have  not  been  misinformed^  a 
bed  of  coal  16  inches  thick  was  proved,  by  boring,  to  be  associated  With  them, 
at  a  place  called  Moor  Dyke,  on  the  west  side  of  the  road.  I  mention  these 
facts  in  the  hopes  of  calling  to  them  the  attention  of  future  observers ;  for  1 
know  of  no  place  within  the  limits  of  the  red  sandstone,  where  a  search  for  coal 
could  be  commenced  with  the  same  prospect  of  success.  My  knowledge  of 
the  central  portions  of  that  great  area,  within  the  basin  of  the  Eden,  which 
is  chiefly  covered  by  the  new  red  sandstone,  is,  however,  extremely  limited. 
My  examination  of  Cumberland  was  chiefly  confined  to  the  carboniferous 
rocks  and  the  central  cluster  of  mountains ;  and  whenever,  in  making  a  tra- 
verse, 1  was  led  to  the  edge  of  the  new  red  sandstone,  I  generally  considered 
my  immediate  labours  at  an  end. 

§  3.  On  the  successive  Deposits  lohich  compose  the  New  Red  Sandstone 

Series,  Sfc. 

The  preceding  details  give  a  general  notion  of  the  distribution  of  the  new 
red  sandstone  series  within  the  basin  of  the  Eden,  and  on  a  part  of  the  coasts 
of  Cumberland  and  Lancashire ;  but  they  give  only  a  very  inadequate  indica- 
tion of  the  structure  and  order  of  those  great  mineral  masses  of  which  it  is 
composed.  This  information  is,  however,  conveyed  in  a  much  more  perfect 
manner  by  the  coast  section,  from  Parton  to  St.  Bees  Head,  which  I  now  pro- 
ceed to  describe*. 

The  rich  coal  field  of  Whitehaven,  constituting  that  part  of  the  carboniferous 
series  which  is  superior  to  the  millstone  grit  and  mountain  limestone,  may  be 
separated  into  two  divisions,  the  upper  containing  the  great  main  and  bannock 
bands,  the  lower  containing  four  or  five  workable  beds,  but  of  inferior  quality. 
The  united  thickness  of  these  two  divisions  is,  perhaps,  not  less  than  two 
thousand  feet ;  and  from  this  estimate  the  carboniferous  limestone  and  its  asso- 
ciated beds  are  of  course  excluded.  The  upper  beds  are  worked  in  a  small 
field  on  the  coast,  immediately  south  of  Workington ;  but  in  consequence  of 
an  enormous  upcast  fault  they  are  thrown  out,  and  the  lower  division  is 
brought  into  the  cliff,  and  occupies  an  extensive  plateau  stretching  from  Har- 
rington to  the  hills  north  of  Morresby,  about  two  miles  and  a  half  from  the  har- 
bour of  Whitehaven.     Near  the  crown  of  these  hills  (and  about  a  mile  from 

♦  See  Plate  XXV.  fig.  !• 
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the  point  where  the  accompanying:  section  commences)  another  great  fault, 
producing  a  downcast  to  the  south-west,  probably  of  not  less  than  a  thousand 
feet,  once  more  brings  in  the  upper  rich  division  of  the  coal  field.  Unfortu- 
nately, however,  between  lhis/au/(  and  the  village  of  Parton,  the  beds  dip  to 
the  east;  so  that  all  those  which  are  below  the  high-water  mark  necessarily 
crop  out  under  the  sea.  The  result  is,  that  no  one  has  been  able  to  extract  the 
coal,  in  consequence  of  the  great  quantity  of  sea  water  which  finds  its  way 
through  the  beds  along  their  planes  of  dip. 

At  Parton  there  are  other  considerable  dislocations,  not  merely  altering  the 
relative  level  of  the  beds,  but  again  producing  a  reversed  dip,  by  which  the 
whole  series  of  coal  measures,  as  well  as  all  the  overlying  groups  extending 
to  St.  Bees  Head,  are  made  to  plunge  to  the  south-west  at  a  small  angle  of 
inclination.  The  successive  strata,  therefore,  after  this  last  inversion  of  dip, 
have  their  outcrop  in  the  interior  of  the  country ;  and  the  coal  seams  are 
perfectly  protected  from  the  sea  water  by  the  impervious  overlying  beds  of 
shale. 

Such  is  the  position  of  the  submarine  portion  of  the  coal  field  of  White- 
haven ;  and  it  does  not  seem  possible  to  assign  any  limit  to  the  works  that 
may  there  be  conducted  under  the  sea  in  the  direction  of  the  dip.  But  it 
is  foreign  to  my  purpose  to  give  any  description  of  these  works,  an  the  pre- 
ceding remarks  are  introduced  for  the  sole  purpose  of  explaining  the  nature  of 
the  base  line  on  which  the  accompanying  section  is  constructed*. 

The  north-eastern  extremity  of  this  section  commences  at  Parton,  among 
some  broken  and  contorted  beds.  The  confused  ground  extends  about  ISO 
yards,  after  which  the  beds  acquire  their  regular  south-western  dip  abore  de- 
scribed. Following  the  coast  towards  Whitehaven,  we  find  the  cliff  composed  of 
sbale  and  sandstone,  which,  after  being  continued  several  hundred  yards,  is  sud- 
denly cut  off  by  a  doumcaat  fault,  of  24  fathoms,  to  the  south-westf .  From 
this  point  to  the  north  end  of  Whitehaven,  we  find  an  uninterrupted  rock  of 
coarse  sandstone  (resembling  many  well-known  varieties  of  raillstoae  grit), 
generally  of  a  gray  or  brownish  gray  colour,  but  here  and  there  with  stains  and 
streaks  of  red.  Parts  of  the  rock  are  of  a  very  strong  texture,  and  have  been 
extensively  quarried  for  the  new  piers  at  Whitehaven.  It  has  also  been  cut 
through  by  the  old  tunnel  between  Whitehaven  and  Parton,  as  well  as  by  a 

•  I  owe  the  knowledge  of  moal  of  these  facts  to  my  friends  Messrs.  Peile,  of  the  Colliery  Office, 
Wliitetiaveti ;  and  in  a  subsequeat  memoir  on  the  carboniferous  series  of  Cumberland  (in  which  ■ 
description  of  the  Whitehaven  coal  field  will  of  course  form  an  important  part),  Mr.  W.  Peile  has 
promised  to  be  my  fellow -labourer. 

'!'  This  is  the  second  fault  marked  on  the  section. 
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new  tunnel^  now  excavating  for  the  purpose  of  a  ready  communication  with 
the  hills  west  of  Dissington^  where  the  main  coal  seam  is  about  to  be  worked. 
Its  structure  is  therefore  very  well  exposed. 

Close  to  the  north  end  of  Whitehaven  comes  in  another  fault,  producing  a 
downcast  to  the  north-east,  of  eleven  fathoms ;  but  if  we  follow  this  fault  into 
the  interior,  the  quantity  of  dislocation  produced  by  it  is  enormously  increased. 
By  this  and  two  other  faults,  elevating  the  strata  in  the  same  direction,  we 
may  explain  the  high  position  of  the  quarry  sandstone  in  the  hills  immediately 
south  of  the  town.  At  Saltom,  as  is  seen  in  the  section,  are  two  faults,  pro- 
ducing downcasts  in  opposite  directions :  their  joint  effect  is  to  bring  the 
great  sandstone  once  more  to  the  level  of  the  sea,  after  which  it  is  continued 
nearly  a  mile  in  a  lofty  cliff;  and  its  component  beds  are  carried  by  their  dip 
(with  the  interruption  of  one  fault)  in  regular  succession  towards  the  base  of 
St.  Bees  Head. 

The  general  character- of  this  sandstone  is  the  same  as  in  the  tunnel  cliff, 
north  of  Whitehaven  ;  but  it  is  of  a  much  redder  colour,  contains  many  small 
ferruginous  nodules,  and  in  mineral  character  is  perfectly  identical  with  many 
portions  of  that  peculiar  red  sandstone  which  separates  the  Yorkshire  coal 
measures  from  the  magnesian  limestone.  It  is  generally  without  any  trace  of 
fossils :  the  very  extensive  excavations  carried  on  in  it  on  both  sides  of  White- 
haven, have,  however,  brought  to  light  a  few  obscure  impressions  of  Equiseta 
and  Calamites.  It  makes,  therefore,  a  very  near  approach  to  a  true  coal  grit ; 
and  in  the  surveys  hitherto  published,  as  well  as  in  the  estimation  of  the  coal 
viewers  of  the  neighbourhood,  it  has,  I  believe,  always  been  regarded  as  a 
true  member  of  the  coal  measures. 

Under  Barrowmouth  this  sandstone  is  surmounted  by  a  conglomerate, 
exactly  like  the  magnesian  conglomerates  of  our  south-western  coal  fields,  but 
only  two  or  three  feet  in  thickness.  Its  lower  part  is  of  a  reddish  colour,  and 
contains,  among  other  fragments,  rolled  masses  of  mountain  limestone  mixed 
with  hydrate  of  iron.  The  upper  parts  of  it  have  a  calcareo-magnesian  ce- 
ment; and  it  is  surmounted  by,  or  rather  graduates  into,  a  yellow,  foliated, 
cellular,  magnesian  limestone.  This  limestone  is  not  well  exposed  at  the 
sea-side,  being  almost  buried  under  the  overlying  red  marls ;  but  some  of  its 
upper  beds  are  mixed  and  striated  with  red  ferruginous  matter,  and  seem  to 
pass  into  a  singular,  red,  siliceous  sandstone  containing  jasper  and  chalcedony. 
It  is,  however,  extensively  worked  at  Barrow  and  Preston  How  quarries,  and 
shows  in  great  perfection  most  of  those  peculiarities  of  structure  which  so  well 
mark  the  formation.  I  do  not  know  of  any  section  wherei  all  its  beds  are  exposed  ; 
but  it  probably  never  exceeds  60  feet  in  thickness.    Of  its  relations  to  the  coal 
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measures,  there  could  not  be  a  shadow  of  doubt,  though  there  were  no  other 
section  besides  that  on  the  coast ;  and  in  Croft  Pit  it  has  been  sunk  through 
into  the  lower  sandstone  and  down  to  the  main  and  bannock  seams.  Alon^ 
with  the  other  upper  Virata,  it  strikes  across  the  peninsula  of  St.  Bees  Head, 
and  is  seen  in  Ben  How  quarry  (near  Green  Bank  farm),  on  the  low  road 
from  SL  Bees  to  Whitehaven,  where  it  is  made,  by  a  remarkable  fault,  to 
abut  against  the  lower  red  sandstone*.  Beyond  this  point  the  yellow,  cellular 
limestone  beds  do  not  appear  ;  btit  the  magnesiaii  conglomerates  are  found  to 
the  south  of  the  valley  of  St.  Bees  (at  Parkhouse,  and  in  the  rivulet  which  runs 
down  thence  towards  Linethwaile),  forming  the  ba^e  of  the  new  red  sandstone 
group. 

Over  the  preceding  deposit  of  the  coast  section,  come  several  feet  of  gray, 
thin-bedded,  sandy  marls,  to  which  the  red  jaspideous  bed,  above  noticed,  i^i- 
pears  to  be  subordinnte.  This  sandy  deposit  is  surmounted  by  alternating 
beds  of  unctuous,  red  marl  and  gypsum,  amounting  in  thickness  to  eight  or  ten 
fathoms.  The  two  substances  are  so  mixed  together,  in  some  places,  as  not  to 
be  separable ;  but  in  other  parts  of  the  section  (and  especially  in  the  higher 
and  lower  portions  of  it)  the  gypsum  is  found  in  strong  beds,  which  have  been 
much  worked;  and  in  one  of  the  excavations  was  found  a  bed,  about  half 
an  inch  thick,  composed  of  a  nearly  pure,  earthy,  semi-indurated  i^arbonate 
of  zinc.  This  fact  deserves  remarking,  as  carbonate  of  zinc  occurs  in  con- 
siderable abundance  in  deposits  on  the  Mendip  Hills,  nearly  of  the  same  age 
with  those  here  described. 

Lastly,  the  gypseous  marls  are  surmounted  by  sandy  marls  and  micaceotu, 
slaty  sandstone,  rising  to  a  considerable  height  in  the  red  precipice  of  St.  Bees 
Head ;  and  these  are  overlaid  by  a  great,  thick-bedded  freestone,  which  in  some 
places  loses  the  lines  of  stratification,  and  decomposes  into  rude,  grotesque, 
castellated  forms.  These  upper  rocks  are  identical  with  the  finest  specimens 
of  the  new  red  sandstone  of  Cheshire  and  Lancashire,  of  Lovr  Furoess,  Ap- 
pleby and  Carlisle,  and  may  be  regarded  as  one  of  the  most  characterisUc 
exhibitions  of  the  formation  to  be  seen  in  our  island. 

The  several  beds  entering  into  the  structure  of  St.  Bees  Head,  are  carried 
by  their  south-western  dip,  and  by  a  downcast  fault,  one  after  the  other  under 
the  sea;  and  no  superior  formation  is  visible  on  any  part  of  the  neighbouring 
coast.  The  "upper  red  marl  and  gypsum,"  completing  our  red  sandstone 
series  up  to  the  lower  lias  marls,  are  therefore  wanting,  either  having  been 
washed  away  by  those  causes  which  have  produced  the  present  deep  indentations 
of  the  coast,  or  being,  perhaps,  buried  under  the  waters  of  the  western  sea. 
•  See  Plate  XXV.  fig.  4. 
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So  far  the  account  of  the  accompanying  section^  and  of  the  successive  groups 
of  rocks  overlying  the  Whitehaven  coal  fields  has  been  purely  descriptive^  and 
unmixed  with  any  hypothesis.  The  facts  themselves  contain^  however^  their 
own  interpretation.  I  have  already  stated  that  the  lower  sandstone^  overlying 
the  Whitehaven  coal  fields  resembled  in  structure  the  lower  sandstone  imme* 
diately  overlying  the  great  Yorkshire  and  Durham  coal  fields.  The  former 
contains^  though  very  sparingly^  impressions  of  Equiseta  and  Calamites ;  and 
so  does  the  latter^  as  I  have  now  ascertained^  though  I  was  unacquainted  with 
the  fsict  at  the  time  the  detailed  account  of  the  structure  of  the  magnesian 
limestone  series  was  published  in  a  former  part  of  our  Transactions*. 

Again^  though  the  'Mower  red  sandstone''  of  Yorkshire  and  Durham  ap- 
pears^ in  some  cases^  to  graduate  into  the  coal  measures  (on  which  account  it 
yna  classified  with  them  by  Mr.  Smith  in  his  geological  map  of  Yorkshire)  ; 
yet^  when  considered  on  a  great  scale^  it  is  unconformable  to  them^  and  on  that 
account  was  separated  from  them  and  arranged^  in  the  paper  just  quoted^  as 
the  lowest  member  of  the  new  red  sandstone  group.  In  the  same  manner^ 
in  the  coast  section  above  described^  the  lower  overlying  sandstone  appears 
to  be  conformable  to^  and  to  graduate  in to^  the  coal  measures  of  Whitehaven. 
But^  during  many  excursions  in  that  neighbourhood,  I  have  traced  it  from  the 
sea-side  to  the  interior  of  the  country,  to  the  top  of  the  hills  above  Dissington, 
over  the  summit  of  Whillimoor,  and  to  the  crest  of  the  hills  overhanging  Ar- 
lecdon ;  and  thus  ascertained  that  it  spreads  over  the  edges  of  the  coal  mea- 
sures, and  that,  when  considered  in  its  whole  extent,  it  is,  as  far  as  regards 
the  position  of  its  lower  surface,  perfectly  analogous  to  the  ''  lower  red  sand- 
stone" of  Yorkshire  and  Durham.       ^ 

But  the  analogies  do  not  end  here.  It  is  proved  by  several  of  the  sections 
published  in  a  former  part  of  our  Transactions f,  that  the  'Mower  red  sand- 
stone" in  certain  parts  of  Yorkshire  had  undergone  considerable  movements, 
and  been  exposed  to  considerable  degradations,  before  the  deposition  of  the 
magnesian  conglomerate  and  magnesian  limestone :  for  they  are  here  and 
there  seen  resting  on  its  inclined  edges,  while  in  other  places  (for  ex- 
ample at  Pontefract,  in  many  parts  of  the  County  of  Durham,  and  on  the  coast 
of  Northumberland),  the  'Mower  red  sandstone"  and  magnesian  limestone 
graduate  insensibly  into  each  other,  without  any  break  of  continuity  what- 
soever |.     Now  we  meet  with  precisely  the  same  accidents  of  position  in  the 

*  Vol.  iii.  p.  87.  et  seq.  Very  fine  impressions  of  Equiseta  or  Calamites  have  been  found  in  the 
'*  lower  red  sandstone"  of  Hooton-Lovett  in  Yorkshire. 

"t-  Geological  Transactions,  Second  Series,  vol.  iii.  Plate  VI.  figg.  9.  4.  5.  6. 
X  Ibid.,  vol.  iii.  p.  67. 
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neiglibourliood  of  Whitehaven  :  for  in  following  the  overlying  deposits  into 
the  interior  of  the  coal  field,  we  find  many  traces  of  magnesian  conglomerates, 
witli  rolled  masses  of  mountain  limestone,  in  every  respect  identical  with  those 
uf  the  coast  section  (for  example,  at  Gilgaron,  near  Arlecdon,  at  Sand 
Closes,  &c.) ;  and  we  have  the  clearest  proof  that  the  lower  red  sandstone 
hud  heen  exposed  to  considerable  degradations,  and  scooped  out  into  great 
hollows  before  the  conglomerates,  which  form  the  base  of  the  magnesian  lime- 
stone, were  first  accumulated.  It  follows,  therefore,  that  the  "lower  red  sand- 
stone" overlying  the  Yorkshire  and  Durham  coal  fields,  and  the  lower  red 
sandstone  of  Cumberland,  are  identical  in  their  structure,  their  relations,  their 
fossils,  and  in  all  the  accidents  to  which  they  were  exposed  during  their  de* 
position.  We  may  therefore  conclude  that  they  are  true  geological  ecjuiva- 
lents  ;  that  they  are  probably  on  the  parallel  of,  at  least,  the  lower  portion  of 
thegr^s  des  ^osges ;  and  that  they  are  untjuestionahly  the  equivalents  of  llic 
rothe  todte  liegende  overlying  the  coal  series  at  the  southern  extremity  of  the 
Harlz  mountain. 

The  magnesian  conglomerates,  described  in  the  previous  details  of  this 
paper,  cannot  be  classed  with  the  losver  red  sandstone,  to  which  they  are 
sometimes  unconformable;  but  they  graduate  into,  and  form  an  integral  part 
of,  the  magnesian  limestone,  sometimes  appearing  entirely  to  replace  it. 

The  magnesian  limestone  of  the  coast  section  rs  evidently  on  the  exact 
parallel  of  the  magnesian  limestone  of  Nottinghamshire.  Yorkshire,  and  Dur- 
ham, though  not  developed  on  so  large  a  scale,  or  separable  into  the  same 
number  of  minute  subdivisions.  It  is  not  coextensive  with  the  upper  division 
of  the  overlying  sandstone  series ;  but*it  nun/  exist  in  many  places,  under  the 
great  heaps  of  transported  matter ;  and  it  breaks  out,  as  above  stated,  in  a 
very  characteristic  form,  from  beneath  the  new  red  sandstone  of  IjOW  Fumess, 
in  a  deep  valley  near  the  village  of  Stank*.  With  this  exception,  I  have  never 
seen  it  beyond  the  promontory  of  St.  Bees  Head,  in  any  place  within  the 
limits  of  the  range  of  country  above  described. 

The  red  marl  and  gypsum  under  St.  Bees  Head  are  very  nearly  on  the 
parallel  of  the  "  lower  red  maH  and  gypsum  "  of  the  Yorkshire  seriesf ;  and 
the  red  sandstone  of  St.  Bees  Head  is  unquestionably  the  exact  equivalent  of 
the  upper  red  sandstone  of  that  series.     The  "  upper  red  marl  and  gypsum" 

•  See  Plate  XXV.  fig.  7. 

f  There  are  in  Yorkshire  two  deposits  of  red  gypseous  marls  under  tlie  great  mass  of  the  upper 
new  red  sandstone;  one  under,  the  other  over  the  thin-bedded  litncslonc  of  Ferrybridge.  Wjih 
either  of  these  the  gypseous  marls  of  Si.  Bees  Head  may  be  brought  into  comparison,  as  llie 
Ferrybridge  limestone  is  not  seen  in  Cumberland. 
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(probably  on  the  parallel  of  the  mames  irrisies  and  the  keuper  of  Prance  and 
Germany)  do  not  appear  in  the  coast  section^  for  reasons  already  stated. 

Prom  all  these  facts,  I  conclude  that  the  series  of  deposits  overlying  the 
Cumberland  coal  fields  is^  as  far  as  it  goes,  perfectly  analogous  to  the  corre- 
sponding series  of  Yorkshire  and  Durham,  as  described  in  a  former  paper. 

Nor  need  we  be  surprised  at  this  analogy,  when  we  consider  the  almost 
perfect  agreement  of  the  great  groups  of  the  new  red  sandstone  series  in  En- 
gland and  central  Germany.  I  need  not  repeat  the  evidence  on  which  this 
conclusion  rests ;  but  I  may  add,  that  it  is  even  more  complete  than  I  supposed 
at  the  time  the  former  memoir  was  published.  Three  obscure  corals,  found 
in  our  magnesian  limestone,  had  already  been  figured  by  Mr.  Goldfuss  under 
the  generic  name  of  Gorgonia*;  and  on  referring  to  his  account  of  the  lo- 
calities from  which  his  specimens  were  derived,  it  will  be  seen  that  they  come 
from  the  magnesian  limestone  formation  of  Mansfeld.  Nor  has  this  conclusion 
been  drawn  from  the  mere  resemblance  of  the  figures ;  for  both  the  British 
and  German  specimens  have  been  examined  by  that  accomplished  naturalist, 
and  the  fossils  found  tp  be  specifically  identical,  as  he  has  himself  informed  me. 
This  fact  alone,  to  which,  however,  a  thousand  others  might  be  added,  is  a 
sufficient  reply  to  the  assertions  of  some  modern  writers,  who  have  ventured 
to  affirm  that  organic  remains  are  of  no  value  in  determining  the  contempo- 
raneity of  distant  formations. 

In  our  south-western  coal  fields  the  deposits  immediately  overlying  the  car- 
boniferous rocks  are  subdivided  into  three  principal  groups :  the  lowest  com- 
posed chiefly  of  conglomerate,  with  a  calcareo-magnesian  cement ;  the  middle 
group  of  red  and  variegated  sandstone ;  and  the  highest  of  red  and  variegated 
gypseous  marls.  I  think  it  at  least  probable  that  the  conglomerates  of  the 
Bristol  coal  fields  are  on  the  exact  parallel  of  the  magnesian  conglomerates 
described  in  this  paper ;  from  which  it  follows  that  the  Bristol  conglomerates, 
as  well  as  those  in  the  valleys  of  Devonshire  (if  they  be  all  of  the  same  age), 
are  the  true  representatives  of  the  magnesian  limestone,  and  not  of  the  rathe 
todte  liegende. 

I  ventured  to  express  this  opinion  in  a  former  paper f ;  and  it  is  greatly  con- 
firmed by  the  facts  here  stated,  as  well  as  by  some  other  facts  which  fell  under 
my  observation  last  summer  (1831),  while  crossing  over  one  of  the  coal  for- 
mations of  Shropshire.  About  six  or  eight  miles  south-west  of  Shrewsbury 
there  is  a  small  coal  field,  stretching  at  the  base  of  a  greywacke  chain  from 

*  See  Goldfuss,  tab.  vii.  fig.  1  ;  tab.  xxxvi.  fig.  1 ;  and  tab.  x.  fig.  1 ;  Gorgonia  dubia,  O.  anceps, 
G.  infundibuliformis ;  and  compare  them  with  Geological  Transactions,  Second  Series,  vol.  iii. 
p.  120 ;  and  Plate  XII.  6gg.  5.  6.  7.  8. 

f  Geological  Transactions,  Second  Series,  vol.  iii.  p.  122. 
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Pontesford  towards  Westbury,  and  surmounled  by  a  series  of  deposit!  con- 
nected with  the  group  of  the  new  red  sandstone.  The  order  of  succession^ 
as  laid  bare  by  a  deep  cut  for  the  road  near  Aldbury,  ie  as  follows :  1st,  Coal 
measures.  2ndly,  Coarse  reddish  sandstone,  in  character  intermediate  between 
a  coarse  coal  grit  and  a  true  red  or  variegated  sandstone.  Srdly,  A  very  fine 
magnesian  conglomerate,  forming  a  distinct  range  of  hills  by  Cardeston, 
Rownton,  and  Adenbury,  and  in  mineral  structure  like  the  Bristol  and  De- 
vonshire conglomerates*.  4thly,  Red  and  variegated  sandgtone  descending 
into  the  great  plain  of  Shropshire,  and  of  unknown  thickness.  Here,  there- 
fore, the  section  is  more  complete  than  at  Bristol,  and  is  perfectly  analogous 
to  the  Cumberland  coast  section,  with  this  exception,  that  the  conglomerate 
is  developed  at  the  entire  expense  of  the  magnesian  limestone.  The  con- 
clusion naturally  deduced  from  this  section  Js  the  same  as  that  at  which  I 
before  arrived — viz.  that  the  magnesian  conglomerates  do  not  represent  the 
rothe  todle  liegende,  but  a  part  of  the  next  superior  division — the  magnesian 
limestone,  or  zcchstein. 

In  comparing  the  Bristol  and  Exeler  conglomerates  with  the  rothe  todte 
liegende,  our  geologists  made  use  of  the  best  evidence  with  which  they  were 
acquainted.  But  the  new  red  sandstone  group  is  now  better  understood ;  and 
in  future  comparisons  with  Continental  deposits  of  the  same  age,  we  should 
use,  as  our  types,  those  sections  which  arc  most  complete,  instead  of  the  Bristol 
or  Exeter  overlying  groups,  in  which  more  than  one  half  the  series  is  abso- 
lutely wanting.  Nor  is  any  assistance  to  be  derived  from  the  accidental  pre- 
sence of  porphyry  pebbles ;  in  as  much  as  they  occur  in  the  Shropshire  con- 
glomerates, as  well  as  in  those  of  EUeter,  and  are  in  truth  of  no  value  in  de- 
termining the  relative  age  of  any  secondary  rock. 

It  must,  however,  be  allowed  thata  considerable  part  of  our  difficulties  have 
arisen  from  the  ill-defined  language  of  some  of  the  German  geologists.  The 
term  r«tke  todte  liegende  has  prolwbly  been  often  applied  to  congloraeratei  of 
the  same  age  with  our  magnesian  conglomerates.  It  originally  design^cd 
certain,  coarse,  red  sandstones  overlying  the  coal  measures  of  the  Hartz,  which, 
after  a  personal  examination  of  them,  I  believe  to  be  the  exact  equivalents  of 
the  "lower  red  sandstone"  above  described.  In  the  late  works  of  Mr.  Hoff- 
mann the  same  term  is  applied  to  a  red  sandstone  under  Ihe  coal  measures  of 
Wettin,  and  therefore  on  the  parallel  either  of  some  of  our  lowest  red  coal 
grits,  or  perhaps  of  our  old  red  sandstone. 

*  The  coodition  of  the  pebbles  imbedded  in  this  conglomeTale  is  very  remarkable.  Soiue  of 
rhe  mountain  limestone  pebblea  retain  their  mineral  structure  and  characteristic  fossils ;  others  are 
so  altered  as  hardly  to  be  distinguishable;  some  having  become  granular,  and  aome  perfectly  pul- 
verulent.   See  a  previoua  note,  p.  390. 
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It  only  remains  for  me  to  notice  the  importance  of  the  lower  red  sandstone 
in  another  point  of  view^  entirely  distinct  from  the  former.  All  who  have 
written  on  our  south-western  coal  fields^  have  noticed  the  total  break  of  con- 
tinuity between  their  component  strata  and  the  overlying  series :  and  in  the 
beautiful  illustrations  accompanying  the  paper  of  Dr.  Buckland  and  Mr.  Cony- 
beare*^  it  is  impossible  to  point  out  the  highest  members  of  the  inclined  coal 
measures^  in  as  much  as  an  indefinite  number  of  them  may  possibly  be  buried 
under  the  superior  horizontal  deposits.  In  Shropshire  there  is,  I  thinks  no 
such  break  of  continuity,  the  gap  being  filled  up  by  the  lower  red  sandstone. 
Again^  though  the  lower  red  sandstone  of  Yorkshire  is,  on  a  great  scale, 
unconformable  to  the  coal  measures,  and  ought,  on  that  account,  to  be  consi- 
dered as  the  base  of  the  new  red  sandstone  series ;  yet  there  are  places  in  that 
county,  where,  for  twenty  miles  together,  there  is  no  trace  of  any  want  of 
conformity ;  and  the  lower  red  sandstone  (containing,  as  already  stated^  a  few 
coal  plants)  forms  a  true  connecting  link  between  the  highest  coal  grits  and 
the  group  of  the  new  red  sandstonef . 

Considering,  then,  that  the  red  sandstone  group  sometimes  forms  a  passage 
into  the  coal  series, — that  the  fossils  of  the  magnesian  limestone  are  very  nearly 
the  same  generically,  and  sometimes  specifically,  with  the  fossils  of  the  carbo- 
niferous limestone;];, — that  the  grits  of  the  coal  measures  in  the  North  of  En- 
gland are  not  unusually  of  a  red  colour, — that  on  the  confines  of  Scotland  the 
lowest  division  of  these  coal  grits  alternates  with  red  gypseous  marls,  and 
passes  downwards  into  beds  of  red  sandstone  and  red  shale,  nearly,  if  not 
exactly,  on  the  parallel  of  the  old  red  sandstone §, — considering  all  this,  I  think 
that  the  phcenomena  exhibited  by  our  lower  secondary  deposits  lend  some 
support  to  a  classification  now  generally  adopted  in  Germany,  which  regards 
the  whole  carboniferous  group  but  as  an  integral  part  of  a  great  formation 
of  red  sandstone,  commencing  with  the  old,  and  ending  with  the  new  red 
sandstone  series.  The  zoological  argument  certainly  gives  some  consistency 
to  this  arrangement. 

I  do  not,  however,  mean  to  deny  the  full  propriety  of  the  classification  of 
the  same  great  groups,  now  adopted  by  English  geologists.  It  is  good, 
because  founded  in  nature  ;  and  each  country  ought  to  be  described  without 
any  accommodating  hypothesis,  according  to  the  type  after  which  it  has  been 

*  Geological  Transactions,  Second  Series,  vol.  i.  p.  211. 

t  Ibid.  vol.  iii.  p.  57.  No.  5.  X  Ibid.  p.  119. 

§  The  description  in  the  text  was  derived  from  phsenomena,  observed  in  1830,  in  the  valley  of 
the  Tweed.  The  gradual  passage  of  the  coal  measures  into  the  old  red  sandstone  is  still  more 
strikingly  exhibited  on  the  coast  of  Scotland,  north-west  of  St«  Abb's  Head. 
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moulded.  But  in  comparing  tlie  unconnected  deposits  of  remote  countries, 
we  must  act  on  an  opposite  principle  ;  learning  lo  suppress  all  local  phseno- 
mena,  and  to  seize  on  those  only  which  are  coextensive  with  the  objects  we  at- 
tempt to  classify.  In  this  general  view  the  arrangement  of  the  red  sandstone 
and  carboniferous  scries  in  one  great  group,  is  perhaps  the  best  fitted  to  the 
present  state  of  our  knowledge. 

^4.  General  Comparisoti  of  the  lied  Sandstone  Sei-ies  of  Scotland  and  Engiand. 

It  has  been  shown  by  Mr.  Murchison  and  myself,  that  in  the  Isle  of  Arraii 
a  carboniferous  series  is  interpolated  between  two  enormous  masses  of  red 
sandstone  and  conglomerate  ;  and  that  the  whole  group  passes,  in  the  ascend- 
ing order,  into  a  formation  of  red  sandstone,  which  mat/  represent  either  one 
of  the  red,  sterile  parts  of  the  Scotch  carboniferous  series,  or  the  lowest  di- 
vision of  the  new  red  sandstone*.  It  is  almost  impossible  to  ascertain  the 
precise  limit  of  this  upper  red  sandstone  of  the  Isle  of  Arran  :  but  the  best 
way  of  approximating  lo  it  would  be  to  trace  the  old  red  sandstone  group 
from  the  soulh  flank  of  the  Grampians  lo  the  west  coast  of  Scotland ;  and  from 
thcuce  to  follow  the  red  sandstone  series  to  the  coasts  of  Ayrshire.  By  the 
help  of  such  an  examination  (a  desideratum  in  Scottish  geology),  we  might 
perhaps  establish  such  analogies  as  would  enable  U3  to  determine  the  exact 
upper  limit  of  the  Arran  section. 

I  consider  it  now  established  beyond  doubt,  that  the  great  masses  of  red 
sandstone  and  conglomerate  which  fringe  the  Highland  coasts,  and  range,  tm 
the  south  flank  of  the  Grampians,  from  one  side  of  Scotland  to  the  other, 
belong  almost  exclusively  to  the  old  red  sandstone.  The  large  development 
of  the  bituminous  schist  of  Caithness  has  thrown  some  unnecessary  difficulties 
in  the  way  of  this  conclusion.  It  alternates,  however,  with  the  old  red  con- 
glomerates to  their  base,  and  cannot  be  separated  from  themf ;  it  is  overlaid 
by  a  red  sandstone  decidedly  of  older  character  than  any  variety  of  the  new 
red  and  variegated  group  ever  seen  in  other  parts  of  Great  Britain ;  it  con- 
tains a  suite  of  fossils  peculiar  to  itself;  not,  as  far  as  is  known,  interchanging 
a  single  species  with  the  magnesian  limestone;  it  is  represented  (and  by  no 
means  in  an  unusual  form)  on  the  south  flank  of  the  Grampians  by  a  series  of 
thin-bedded  strata,  placed  by  Mr.  Lyell  even  lower  than  the  old  red  sand- 
stonej  :  and,  lastly,  the  remains  of  fish  have  been  found  by  Dr.  Fleming  in 
groups  of  slaly  sandstone,  which,  though  superior  (like  most  of  the  Caithness 
schists),  to  the  lowest  old  red  conglomerates,  are  inferior  to  the  true  carboni- 

*  Geological  Transactions,  Second  Series,  vo).  iii.  p.  Zl ;  and  Plate  III. 
t  Ibid.  pp.  140.  167.  168.  +  Ibid.  vo).  ii.  Plate  X. 
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ferous  formations  of  Fifeshire.  I  conclude^  therefore^  that  the  true  position  of  the 
ichthyolites  of  Caithness  is  out  of  all  doubt,  and  adhere^  with  very  slight  modi- 
fications^ to  the  classification  published  by  Mr.  Murchison  and  myself^. 

By  way  of  conclusion^  I  may  add^  that  the  anomalies  at  which  I  have 
pointed,  in  different  parts  of  this  paper,  and  the  difficulties  they  throw  in 
the  way  of  any  universal  classification,  can  be  no  matter  of  surprise.  The 
great  cause  for  wonder  is,  that  among  such  vast  and  rude,  mechanical 
operations  of  nature,  we  should  be  able  to  trace  even  the  approximate  ele- 
ments of  order.  Whatever  may  be  hereafter  decided  about  the  general  group- 
ing of  the  coal  measures,  the  near  coincidence  of  even  the  minute  minera- 
logical  subdivisions  of  the  new  red  sandstone  series  in  the  North  of  England 
and  central  Germany^  and  the  general  correspondence  of  their  fossils,  must  be 
regarded  as  one  of  the  most  satisfactory  conclusions  of  secondary  geology. 

POSTSCRIPT. 

Cambridge,  August  7,  1835. 

In  consequence  of  the  long  delay  in  printing  our  Transactions,  memoirs 
must  sometimes  appear  which,  at  the  time  of  their  publication,  do  not  express 
correctly  the  opinions  of  the  respective  authors.  The  preceding  paper  is 
published  (with  the  exception  of  verbal  corrections  and  the  addition  of  the 
short  notes)  as  it  was  read  to  the  Society.  Had  the  concluding  remarks  been 
written  now,  they  would  have  been  considerably  modified. 

I  have  taken  for  granted  that  the  Exeter  conglomerates^  and  those  over- 
lying our  south-western  coal  fields^  are  of  the  same  age.  Mr.  De  la  Beche 
has^  I  believe,  ascertained,  since  this  paper  was  read,  that  the  former  are  older 
than  the  latter.  Hence,  the  remarks  intended  to  show  that  the  magnesian 
conglomerates  (e.  g.  those  of  the  Bristol  coal  fields,  the  flanks  of  the  M endip 
Hills,  &c.)  were  not  the  equivalents  of  the  rothe  todte  liegende,  cannot  be 
applied  to  the  conglomerates  of  Exeter,  at  least  without  some  modification. 
The  Exeter  conglomerates  may,  then,  be  equivalents  of  the  upper  part  of  that 
sstndstone  which,  in  the  North  of  England,  fills  up  the  chasm  between  the  coal 
measures  and  the  group  of  the  new  red  sandstone.  There  is,  however,  in  all  the 
sections  of  Somersetshire,  Devonshire,  and  South  Wales,  a  want  of  continuity  in 
these  formations.  Their  position  is  perfectly  discordant^  so  that  it  is  physically 
impossible  the  successive  deposits  should  be  complete :  something  is  wanting, 
which  is  supplied  by  the  uninterrupted  sections  in  the  North  of  England  j*. 

*  Geological  Transactions,  Second  Series,  vol.  iii.  p.  157. 

f  Precisely  in  the  same  way,  the  sections  in  the  North  of  England,  connecting  the  old  red  sand- 
stone and  the  slate  rocks,  are  not  continuous ;  and  there  is  just  the  same  break  in  Denbighshire 
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The  discussion  on  the  age  of  tiie  Caithness  schists  might  now  be  cou- 
sidered  unnecessary  ;  but  when  the  paper  was  read,  there  were  many  mem- 
bers of  the  Society  who  were  disposed  to  identify  them  with  the  ichthyoiites 
of  Mansfeld.  The  question  is  now  set  at  rest  by  the  generic  and  specific 
characters  of  the  Caithness  fossils,  and  by  the  discovery  of  fossil  fish  in  the 
old  red  sandstone  of  Herefordshire,  identical  with  specimens  found  in  the  old 
red  sandstone  of  Scotland . 

Were  1  lo  make  any  cliange  in  the  Caithness  section,  published  by  Mr. 
Murchison  and  myself*,  I  should  alter  the  colour  of  the  sandstone  of  Dunnet 
Head,  and  make  it  of  one  tint  with  the  lower  conglomerates;  thus  including 
the  highest  beds  of  the  series  in  the  old  red  sandstone.  The  formation  would 
(hen  have  three  divisions,  which  might  be  respectively  compared  with  the 
three  divisions  of  the  Herefordshire  sandstone,  first  given  by  Dr.  Buckland 
and  Mr.  Conybeare;  and  the  ichthyoiites  of  Caithness  would  then  come  on 
the  same  parallel  with  the  comslones  of  Herefordshire. 

If  such  a  comparison  be  considered  as  too  refined  for  the  evidence  on  which 
it  rests,  I  may  at  least  assert,  that  the  words  "  newer  red  sandstone"  placed 
under  the  colour  representing  the  group  of  Dunnet  Head,  tend  only  to  mis- 
lead the  reader,  and  do  not  correctly  represent  our  opinions  at  the  time  the 
section  was  publishedf.  By  these  words,  English  geologists  have  generally 
designated  deposits  of  the  age  of  the  upper  sandstone  of  St.  Bees  Head,  with 
which  it  was  never  our  intention  to  bring  the  rocks  of  Dunnet  Head  into  com- 
parison J.  It  is  true,  that  the  upper  limit  of  these  rocks  must  remain  in  some 
measure  ambiguous  ;  but  1  have  now  little  doubt  that  the  whole  of  tbem  ought 
to  be  classed  with  the  old  red  sandstone. 

The  relations  of  the  red  sandstone  group  of  Shropshire  to  the  carboniferous 
series  have  been  described  during  the  past  year  in  great  detail  by  Mr.  Mur- 
chison ;  and  I  believe  his  views  agree  perfectly  with  what  is  stated  above 
[pp.  399,  400.}.  I  had  few  details  to  offer,  and  only  alluded  to  the  Shropshire 
formations  for  the  purpose  of  confirming  conclusions  drawn  from  certain 
phEenomena  in  the  North  of  England. 

aad  FlinUbire.  How  many  terms  of  the  aeries  are  wanting  it  is  impossible  to  tell  without  niui« 
evidence ;  but  this  evidence  is  given  iif  the  Shropshire  and  Herefordshire  sections  described  by 
Mr.  Murcbison. 

*  Geological  Transactions,  Second  Series,  vo).  iii.  Plate  XIV.  fig.  2. 

t  I  am  the  more  anxious  to' make  this  correction,  because  Mr.  Conybeare  has  adopted  and  ex- 
tended this  error  in  his  Memoir  on  the  Progress  of  Geological  Science,  published  in  the  first  volumt 
of  the  Reports  of  ihe  British  Association  for  the  Advancement  of  Science. 

J  Geological  Transactions,  Second  Series,  vol.  iii.  pp.  157, 1S8. 
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APPENDIX. 

On  the  Demarcation  of  the  Nem  Red  Sandstone  Group,  described  in  the  preceding  Memoir. 

The  northern  line  of  demarcation,  commencing  near  Brough  and  ending  on  the  Scotch  border,  has 
been  already  noticed  (supra^  p.  384,  note).  The  remaining  line  may  be  traced  as  follows.  Com- 
meilcing,  as  before,  at  the  top  of  the  flat  lands  near  the  bifurcation  of  the  Belah,  the  line  may  be 
drawn  a  little  south  of  the  left  bank  of  the  river,  so  as  to  leave  out  Caber.  It  then  turns,  about 
south  by  west,  till  it  just  touches  Winton,  from  which  it  ranges  a  little  to  the  west  of  Hartley,  just 
under  the  road  firom  Hartley  to  Naitby,  which  place  it  incloses  within  the  area  of  the  red  sandstone ; 
thence,  crossing  the  river,  it  enters  the  north  end  of  Wharton  Park,  and  ranging  nearly  due  north, 
passes  along  the  brow  of  the  hill  just  above  Kirkby  Stephen.  The  range  then  appears  to  be  about 
north-west  for  more  than  a  mile,  when  the  line  makes  a  bend,  passing  the  rivulet  about  half  a  mile 
south  of  Soulby ;  thence  to  the  rivulet  a  little  north  of  Crosby,  from  which  a  curve  line  may  be 
drawn  skirting  the  high  lands,  to  as  to  pass  a  little  east  of  Musgrave ;  afterwards  nearly  parallel 
to  the  Eden,  so  as  to  pass  about  a  quarter  of  a  mile  south  of  Warcop  Bridge,  north  of  Birks 
Chapel ;  half  a  mile  south  of  Little  Ormshead ;  and  from  the  last-mentioned  point  to  the  rivulet 
just  above  HofF.  The  line  is  then  nearly  defined  by  the  left  bank  of  the  rivulet,  and  passes  to 
the  north-west  just  above  Colby,  which  it  incloses. 

Part  of  the  preceding  line  is  imaginary,  the  country  being  covered  by  enormous  masses  of  red 
diluvial  gravel.  But  the  conglomerates  are  seen  at  Belah  Bridge,  in  the  river  under  Winton,  at 
Naitby  and  Kirkby  Stephen,  and  in  the  river  above  Soulby.  Again,  the  red  sandstone  is  seen  on 
both  sides  of  the  river  near  Warcop ;  and  the  conglomerates  break  out  in  the  rivulet  south  of  Little 
Ormshead,  and  at  Hoff  and  Burrels. 

From  Colby  the  line  runs  down  close  to  the  left  bank  of  the  Eden,  under  Beuley  Castle ;  thence, 
through  Bolton  to  the  rivulet  a  little  south  of  Walk  Mill ;  afterwards  nearly  parallel  to  the  rivulet, 
and  a  little  to  the  west  of  its  left  bank ;  thence,  skirting  the  low  lands,  to  a  point  about  half  a  mile 
south  of  Clibume.  The  remaining  demarcation  to  the  Eamont,  is  very  obscure ;  but  it  passes  by 
Clifton  Dykes,  and  under  Brougham  HaU,  into  the  alluvial  flat  of  the  river,  and  then  enters  Cum- 
berland*. 

For  many  mUes,  after  it  enters  Cumberland,  the  line  of  demarcation  is  very  ill  defined.  To 
the  east  of  the  Petteril  is  a  lofty  ridge  of  new  red  sandstone  hills,  commencing  with  Penrith 
Beacon.  But  on  the  road  ft'om  Penrith  to  Hutton  and  Hesket  Newmarket,  we  pass  a  very  doubt- 
ful country,  which  has  always  been  coloured  as  new  red  sandstone.  Some  of  the  red  sandstones  in 
that  district  (for  example,  at  Catterlen,  Hutton  Park,  &c.,)  appeared  to  me,  however,  (when  I  ex- 

*  The  area  inclosed  by  the  line  above  described  is  extremely  covered  with  red  gravel,  formed, 
in  part,  by  the  breaking  up  of  the  new  red  sandstone.  Within  the  same  area  are  also  some  places 
where  the  new  red  sandstone  has  been  washed  off*.  Thus,  near  Warcop,  there  is  in  the  bed  of  the 
river  an  inclined  micaceous  red  grit,  probably  belonging  to  the  carboniferous  series.  Some  very 
remarkable  red  gritstones,  associated  with  a  magnesian  limestone,  are  found  on  the  hills  west  of 
Soulby,  and  are  clearly  a  part  of  the  carboniferous  system.  I  do  not  think  the  lower  division  of  the 
new  red  sandstone  is  found  in  this  district ;  though  I  ought  not  to  make  the  assertion  with  much 
confidence,  having  never  examined  it  since  the  year  \SftS. 
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amined  the  district  in  1833,)  more  to  resemble  the  ferruginous  cool  grits,  or  the  lower  red  sand- 
stone 1  and  I  tbink  it  probable  (afler  what  has  been  stated  above  respecting  Broadfield,  lapra, 
pp.  391,393,)  tliai  a  spur  of  ilie  older  rock  a,  between  tlic  Petteril  and  the  Cal  dew,  encroaches  con- 
siderably on  the  line  I  am  describing.  I  throw  this  out  as  a  mere  conjecture,  confirmed,  however, 
by  the  fact,  that  inclined  beds  of  a  hard  red  gritstone  are  also  found  along  the  Petteril,  at  least  ai 
far  north  as  the  Broadfield  limestone. 

Passing,  then,  this  doubtful  tract,  we  find  characteristic  beds  of  new  red  sandstone  between 
Macey  Bank  and  Ivegill ;  and  thence,  south  of  Highhead  Castle  to  the  banks  of  Raw  Beck,  and 
down  both  sides  of  that  rivulet  for  more  than  a  mile.  Here,  again,  the  demarcation  is  not  only 
obscure  in  many  places  from  the  want  of  good  sections ;  but  difBcult  also  from  the  appearance  of 
lower  grits,  of  a  red  colour  ("lower  red  sandstone"?),  which  break  out  in  both  the  above-mentioned 
rivulets. 

No  rock  is  visible  for  aonie  way  west  of  Haw  Beck;  but  an  imaginary  boundary  may  be  drawn 
to  iheCaldew,  a  little  south  of  Rose  Bridge,  und  thence  to  Green  Quarry,  a  little  south  of  the  Chalk 
limestone  above  described  {supra,  p.  S92).  From  that  quarry  the  line  sweeps  round  nearly  by 
Howrigg,  Height,  Brack  en  thwaite,  Cragg  Houses,  and  Tracing  Tree  (almost  inclosing  a  remark- 
able dislocated  coal  field  of  Rosley,  now  nearly  deserted).  From  Tracing  Tree  it  passes  through 
a  wood,  a  little  above  the  confluence  of  Silver  Gill  with  the  rivulet,  and  thence  under  Church  Hill, 
and  on  the  north  side  of  Islekirk  to  Parson  Bridge ;  from  whence  it  may  be  traced  near  Cross  Hill, 
a  little  above  Bridge  Milt,  and  close  to  Low  Blaithwaite ;  from  which  place  the  line  sweeps  to  the 
south-west  a  quarter  of  a  mile  south  of  Elfield,  and  more  than  half  a  mile  above  Crook  Dyke  Mill ; 
and  so  after  crossing  the  river  in  a  direction  about  south-south-west,  it  turns  west,  ranging  a  little 
north  of  the  Leesrigg  road,  through  the  hill  above  King  Gate,  along  the  south  side  of  Brayton  Hall 
Park,  under  the  village  of  Aspatria,  under  Hayioo,  a  little  south  of  the  road  from  Hayion  to  Al- 
lerby,  just  under  Crosby ;  thence  deflecting  to  the  north-west,  it  passes  north  of  Birkby,  and  down 
by  the  right  bank  of  the  Ellen  to  the  sea  at  Maryport- 

Wc  may  pass  over  the  coast  from  Maryport  to  St.  Bees  Head,  as  it  is  either  occupied  by  tbe 
coal  measures,  or  by  ihe  "lower  red  sandstone,"  in  places  already  described.  Across  St.  Bees 
Head  the  range  is  defined  by  quarries,  ending  (as  above  stated)  at  Ben  How".  On  crossing  liie 
valley,  it  reappears  in  Walton  Wood,  just  above  Linethwaite,  and  thence  passes  just  under  Bank 
End,  and  at  the  base  of  an  escarpment,  from  which  it  descends  between  Gill  Foot  and  How  Bank ; 
and,  inclosing  Orgill,  it  disappears  in  tbe  alluvial  plain  of  Egremont. 

Beyond  tbi*  plain  the  line  app«an  to  range  nearly  eait  and  west  from  New  House  to  Gnuge; 
and  from  a  quarry  near  the  latter  place  it  ilrikes  about  sou th-aouih- east  into  the  valley  of  Kirk 
Beck.  It  croasea  above  the  mill,  and  then  ranges  above  Head  of  Hail  and  Hall  Garth  to  the 
north  end  of  Cold  Fell  near  Side ;  from  when<:e  it  dcacends  into  the  valley  of  the  Calder,  in  a  di- 
rection about  soutb-Bouth-eaaL  It  crosaei  below  Tliomholm,  and  then  ranges  east-aouth-east  on 
the  way  to  Farmary,  and  ia  exposed  in  qnarriea  at  tbe  hill-top.  It  then  strikes  acrosa  tbe  Gill,  and 
is  laid  bare  about  a  qtiarter  of  a  mile  above  Hurrel  Barrow ;  thence  it  ranges  through  Blaing  Fell, 
leaving  Lockray  and  Whinray  lo  the  eaat,  just  touching  Bank  House,  and  forming  the  whole 
escarpment  of  the  hill  above  Gosfbrth.  j- 

Wa  have  no  regular  escarpment  of  the  formation  on  the  Cumberland  coast  south  of  Gosfortb ; 
but  tbe  rock  is  seen  at  the  following  places:  Drig  Cross,  west  of  Gosfortb  ;  Brandreth  Scat  and 

•  The  range  of  "  the  lower  red  sandstone"  over  the  coal  field,  as  well  as  certain  outliers  of  the 
new  red  sandstone,  will  be  given  in  a  subsequent  paper. 
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Codlin  Rock,  two  ree£i  to  the  south  of  Ravenglass,  only  seen  at  low  water ;  on  the  Cross  House 
estate,  half  a  mile  north  of  Bootle ;  and,  lastly,  in  wells  and  other  excavations  at  Mopus,  Hise 
Moor,  Well  Bank,  and  Old  Highton,  all  in  the  same  neighbourhood,  and  on  the  north  side  of  the 
Bootle  rivulet. 

Crossing  the  estuary  of  the  Duddon  to  the  limestone  of  Roan  Head,  we  find  the  superior  rocks 
concealed  under  blown  sand  ;  but  the  new  red  sandstone  breaks  out  south  bf  Wet  Flats,  and  tnay  be 
traced  by  Little  Mill,  Billing  Coat,  and  Newton ;  and  thence  by  Bousfield,  Stank,  and  Hole  Beck. 
Beyond  the  last-mentioned  place  everytliing  is  buried  under  alluvial  accumulations  to  the  sea-side ; 
but  at  low  water  the  red  sandstone  is  seen  just  to  the  north  of  Rampside.  It  appears  also  at  the 
north  point  of  Old  Barrow  Island. 

In  the  Cartmel  promontory  the  new  red  conglomerates  appear  at  Rougham  Point,  west  of 
Humphrey  Head ;  and  the  red  sandstone  is  said  to  have  been  reached  by  boring  between  Cannon 
Winder  and  Ravend's  Winder,  and  close  to  Lower  Hosker. 

By  help  of  the  preceding  notice,  the  demarcation  of  the  new  red  sandstone  may  be  laid  down  on 
the  large  county  maps  with  a  near  approach  to  accuracy.  Had  the  Ordnance  maps  of  the  northern 
counties  been  published,  such  details  would  have  been  perfectly  useless,  as  the  information  would 
have  been  more  correctly  conveyed  by  a  superficial  colour,  than  by  any  verbal  description. 


VII. — On  a  portion  of  Dukhuriy  East  Indies. 
By  Lieutenant-Colohel  W.  H.  SYKES,  P.R.S.  P.G.S.  P.L.S. 

[Read  January  23,  1833.] 

jVlY  personal  observation  of  Dukhun  (Deccan)  and  Konkun  (Concan)  * 
is  not  confined  to  the  boundaries  laid  down  in  the  following  geological 
memoir ;  but  as  the  rock  and  mineral  specimens  remaining  at  present  in  my 
possession  are  from  Dukhun  only^  I  have  not  thought  it  proper  to  extend 
my  details  beyond  the  limits  I  here  prescribe  to  myself^  although  I  might 
venture  to  do  so  from  notes  taken  at  different  periods^  without  exposing  my 
accuracy  to  question.  I  wilt  however^  in  closing  this  paper^  offer  a  few  ob- 
servations on  the  trap  and  other  formations  of  India;  the  amazing  extent  of 
the  former  not  appearing  to  have  been  appreciated  hitherto  in  European  geo- 
logical works. 

Boundaries. 

My  tract  f  is  bounded  on  the  west  by  the  range  of  mountains  usually  deno- 
minated by  Europeans  the  ^^Ghats"^  from  a  misinterpretation  of  the  term 
ghat,  which  simply  means  a  pass^  the  proper  name  of  this  range  being  the 
''Syhadree";  on  the  north  by  the  Mool  river,  as  far  as  Rahooreh;  on  the 
east  by  a  direct  line  from  Rahooreh  to  the  city  of  Ahmednuggur,  and  sub- 
sequently on  the  north-east  by  the  Seena  river  until  its  junction  with  the 
Beema  river  below  Mundroop;  on  the  south-east  by  a  line  from  Mundroop 
to  the  celebrated  city  of  Beejapoor;  on  the  south  by  a  line  from  Beejapoor 
to  the  town  of  M eeruj  ;  and  from  this  place  the  boundary  in  the  south-west 
is  the  Kristna  and  Quina  rivers,  to  the  hill  fort  of  Wassota,  situated  in  the 
Ghats.  The  western  boundary  line  extends,  as  the  crow  flies,  about  144 
miles;  the  northern  73  miles ;  eastern  and  north-eastern  159  miles;  south- 
eastern 41  miles;  southern  80  miles;  and  south-western  88  miles.  Agree- 
ably to  observations  made  by  myself  and  the  officers  of  the  revenue  survey  in 

*  With  respect  to  the  pronunciation  of  native  words,  the  **u"  is  the  u  in  **hutf*'  and  Ae  **a** 
the  a  in  "all:* 

t  See  Map,  Plate  XXVI. 
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Dukbuiij  the  tract  lies  between  the  paraliels  of  north  latitude  16"  45'  and 
19°  97',  and  east  longitude  73°  30'  and  75°  53',  and,  roughly  calculated,  may 
be  said  to  comprise  an  area  of  about  96,000  square  miles. 

Stratification.      • 

Previously  to  entering  into  descriptive  details,  I  will  state,  in  a  few  words, 
that  the  whole  of  the  country  comprised  within  my  boundaries  is  composed  of 
distinctly  stratified  trap  rocks,  without  the  intervention  of  the  rocks  of  any 
other  formation.  Whether  at  the  level  of  the  sea,  or  at  the  elevation  of  4500 
feet,  in  all  and  every  part,  beds  of  basalt  and  amygdaloid  are  found  alternating, 
whose  superior  and  inferior  planes  preserve  a  striking  parallelism  to  each  other, 
and,  as  far  as  the  eye  can  judge,  to  the  horizon.  Barometrical  measuremenLi 
and  the  course  of  rivers  indicate  a  declination  of  the  country  to  the  east-south- 
east and  south-east.  From  the  town  of  Goreh,'latitude  tS^OS  and  longitude 
74''-05,  on  the  Goreh  river,  following  a  mean  course  for  the  river  until  it  falls 
into  the  Beema,  and  subsequently,  continuing  a  mean  course  for  the  Beema 
until  its  junction  with  theSeena  river,  the  distance  is  about  200  milesj  and  the 
declination  67 1  feet :  there  may  therefore  be  a  trilling  dip  of  the  strata  ;  but 
as  a  succession  of  low  terraces  occur  in  that  distance,  the  apparent  horizontal 
position  of  the  strata  may  be  unaffected  by  the  above  difference  of  level. 

Dr.  MacCulloch,  describing  the  overlying  or  trap  rocks,  says,  "  these 
masses  are  generally  irregular,  but  sometimes  bear  indistinct  marks  of  strati- 
fication *."  As  Dr.  MacCulloch's  language  implies  the  rare  occurrence  of 
stratification,  instead  of  its  being  a  distinctive  feature,  at  least  of  the  Indian 
branch  of  the  trap  family,  I  deem  it  necessary  to  quote  the  few  authors  who 
have  written  on  Indian  geology,  in  confirmation  of  the  fact  I  have  stated  f. 

*  ClawificBtioD  of  Rocks,  p.  466. 

t  "  TheK  mountaint  (the  Viodhya  range),  like  every  other  in  Malna,  appear  to  be  dtttincdy 
■itatified,  conaiating  of  altemste,  horitontal  beds  of  baaalt  or  trap  and  amygdaloid.  Fourteen  of 
these  beda  may  in  general  be  reckoned,  the  thinneit  at  the  top,  and  rapidly  increaaing  in  (hickiMtt 
UM  dtey  lower  in  poaition,  the  baaalt  atratiim  at  the  bottom  being  about  200  feet  thick."  Agaioi 
at  page  St7,  he  aayi :  "  In  the  upper  plaina  of  Malwa  every  point  of  view  prea^ita  the  aame  ani- 
fbnn  and  distinctly  atreaked  appearance  noticed  m  the  Vindhya  range." — Captain  Damgerfeld, 
in  Oeological  Nolicei  of  Mahta,  in  Appendix  No.  i.  to  Sir  John  Malcolm's  Central  Indii, 
pp.  sua,  327. 

Dr.  Voyaey,  in  a  paper  on  the  Geological  and  Mineralogical  Structure  of  the  vicinity  of  Nag- 
poor,  aays  :  "  From  the  summit  of  the  hill  of  Sitabaldi  the  difference  in  the  outline  of  the  rocki 
eastward  is  very  perceptible.  Thejlatteued  summits  and  longjlat  outline,  with  the  numerous  gaps 
of  the  trap  hills,  are  exchanged  for  the  ridgy,  peaked,  sharp  outline  of  the  primary  rocks."— 
Physical  Class  of  the  Asiatic  Reiearches,  p.  127. 

In  a  second  paper  in  the  same  work,  on  some  petrified  shells  in  tlie  Gawelghut  range  of  trap 
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Ghats. 

The  Dukhun  rises^  by  a  succession  of  terraces  or  steps^  very  abruptly  from 
the  Konkun^.  Its  valleys  and  table-lands  have  a  mean  elevation  above  the  sea 
of  about  1800  feet.  The  Konkun  is  a  long  strip  of  land  from  thirty  to  fifty  miles 
in  breadth^  lying  between  Ihe  Ghats  and  the  sea ;  the  mean  elevation  of  this 
strip  is  less  than  100  feet ;  but  it  is  bristled  with  isolated  hills^  or  short  ranges^ 
some  of  which  attain  an  elevation  equalling  that  of  the  Ghats.     Numerous 
shoulders  or  salient  angles  are  thrown  out  from  the  Ghats  from  the  western  or 
Konkun  side,  and  by  means  of  these  the  ascent  to  Dukhun  is  effected ;  with 
what  diflBculty,  will  be  understood  when  I  state  that  the  military  road  of  commu- 
nication between  Bombay  and  Poona,  up  the  Bore  Ghat,  rises  nearly  600  feet 
in  a  mile.    The  western  portion  of  my  tract  along  the  crest  of  the  Ghats  is  ex- 
ceedingly strong :  spurs  of  different  lengths  extend  from  the  main  range  to  the 
eastward  and  south-east,  leaving  many  narrow  tortuous  valleys  between  them, 
some  of  which  have  the  character  of  gigantic  cracks  or  fissures ;  other  valleys, 
although  occurring  less  frequently,  when  looked  at  from  the  neighbouring 
ranges,  appear  as  flat  and  smooth  as  a  billiard-table,  even  to  the  crest  of  the 
Ghats,  but  when  traversed  are  found  to  be  cut  up  by  numerous  narrow  and 
deep  ravinesf.    Stupendous  scarps,  fearful  chasms,  numerous  waterfalls,  dense 
forests,  and  perennial  verdure,  complete  the  majesty  and  romantic  interest  of 
the  vicinity  of  the  Ghats.   As  the  spurs  extend  to  the  east  and  south-east  they 
diminish  in  height,  until  they  disappear  on  approaching  the  open  plains  in 
my  eastern  limits,  between  the  Beema  and  Seena  rivers.     The  area  of  the 
table-land  on  their  summit  often  exceeds  that  of  the  valley  between  them : 
such  is  the  case  with  the  spur  bordering  the  left  bank  of  the  Beema  river  for 
forty  miles  from  its  source,  occupying,  in  fact,  the  whole  country  between  the 
sources  of  the  Beema  and  Goreh  rivers.     The  spurs  are  rarely  tabular  for 
their  whole  length,  but  narrow  occasionally  into  ridges  capped  with  compact 
basalt,  and  subsequently  expand  into  extensive  table-lands.     The  spur  ori- 
ginating in  the  hill  fort  of  Hurreechundurghur  affords  a  good  example.    The 
fort  is  about  eighteen  miles  in  circumference :  on  the  east  it  presents  a  salient 


mountains^  extending  for  165  miles  along  the  lefl  bank  of  the  Tapty  river,  from  its  source  to  the 

city  of  Boorhanpoor,  he  describes  the  principal  part  of  the  range  as  formed  of  "  compact  basalt 
very  much  resembling  that  of  the  Giant's  Causeway.  It  is  found  columnar  in  many  places,  and 
at  Gawelghur  it  appears  stratified ;  the  summits  of  several  ravines  presenting  a  continuedstraium 

**  of  many  thousand  yards  in  length." — Phyikal  Class  of  the  Asiatic  Researches,  p.  189. 
•  See  Plate  XXVIII.  t  The  valley  of  the  Malsej  Ghat,  for  instance. 
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angle  to  the  neiglibouriiig  mountain ;  absolute  contact,  however,  only  com- 
mences at  about  400  feet  from  the  top  of  the  scarp,  leaving  a  gap  and  an  ex- 
tremely narrow  ridge,  over  which  lies  a  difficult  footpath  of  communication 
between  the  valley  of  the  Malsej  Ghat  and  that  of  the  Mool  river.  The  spur 
then  widens  ;  some  lateral  ramifications  shoot  out,  on  one  of  which  is  situated 
the  fort  of  Koonjurghur;  at  the  IJrahmun  Wareh  pass  it  narrows  considera- 
bly, but  not  into  a  ridge ;  it  subsequently  expands  into  the  extensive  and 
well-peopled  table-land  of  Kanoor  and  Parneir,  twenty-four  miles  long  by 
twenty  broad,  having  diminished  in  height,  by  a  succession  of  steps,  from 
3894  feel  in  Hurreechundurghur  to  986G  at  Brahraun  Wareh,  2474  at  Par- 
neir, and  9133  on  the  terrace  of  Ahmednuggur,  From  Ahmednuggur  the 
spur  bends  southward  until  it  is  finally  lost  in  the  neighbourhood  of  Sholapoor. 
It  is,  in  fact,  the  margin  of  a  great  plateau,  which  baa  a  mean  elevation  of 
about  300  feet  above  the  valley  of  the  Godavery  river,  and  over  which  the 
rivers  Goreh,  Beema,  Seena,  &c.,  take  their  course.  The  basaltic  caps  of 
the  ridges  appear  more  or  less  columnar,  from  numerous  vertical  fissures; 
the  weathering  of  these  exposed  rocks  produces  pillars,  spires,  towers,  houses, 
and  other  forms  of  works  of  art*.  Another  feature  of  these  spurs  is  the  occa- 
sional occurrence  on  their  table-lands  of  small  hummocks  or  conical  hills  with 
a  truncated  apex.  Dr.  Voysey  f  mentions  "  groups  of  flattened  summits  and 
"  isolated  conoida!  frustra"  in  the  Gawelghur  trap  mountains. 

One  of  tlie  longest  of  the  spurs  originates  in  the  Ghats  north-west  of  Sata- 
rabj  and  runs  nearly  easfe-south-east,  about  110  miles,  towards  Punderpoor. 

The  spur  immediately  south  of  Poona,  on  the  ramifications  of  which  are 
situated  the  formidable  fortresses  of  Singhur  (4163  feet),  Poorundhur  (4472 
feet),  and  Wuzeerghur,  adjoining  Poorhundhur  (at  nearly  the  same  ele- 
vation), has  an  extent  of  ninety-five  mites.  The  accompanying  section, 
Plate  XXVIII.  fig.  2.  represents  this  spur. 

Falleifs. 
Much  having  been  said  respecting  valleys  of  excavation,  I  think  it  maybe 
acceptable  to  offer  a  few  observations  on  the  valleys  between  the  spurs.    1 
shall  describe  only  those  tbat  present  the  greatest  contrasts  to  each  other. 

Valley  of  the  Mola  River. — The  vaUey  of  the  Mota  river,  south  of  Poona,  originating  in  a  mass 
of  hills  on  the  edge  of  the  Ghats,  is  so  exceedingly  narrow,  that  for  some  miles  the  bases  of  the 
opposite  hills  frequently  touch  each  other,  leaving,  at  intervals,  little  horizontal  plots,  of  a  pistol- 
shot  in  width.     These  plots  occur  in  terraces,  on  lower  levels  as  tliey  extend  eastward. 

*  See  Plate  XXVIII.  fig.  1.  and  ».  on  the  Konkun;  and  Plate  XXVII.  fig.  1. 
f  Physical  Class,  Asiatic  Researches,  p.  189. 
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VaU  of  the  Under.— The  valley  of  the  Under  river,  north-west  of  Poona,  presents  a  perfect 
contrast  to  the  last.  It  is  level  for  twenty  miles,  running  east  and  west  to  the  very  edge  of  the 
Ghats  ;  and  a  person  can  stand  at  the  head  of  the  valley  upon  the  hrink  of  a  scarp  rising  almost 
from  the  Konkun.  Here,  at  the  source  of  th«  river,  it  is  nearly  six  miles  wide.  The  river  Under 
runs  down  the  valley  160  feet  below  the  level  of  the  cultivated  lands. 

Vale  of  the  Bourn — The  neighbouring  valley  of  the  Baum  river,  unlike  that  of  the  Under, 
originates  about  seven  miles  from  the  crest  of  the  Gh^ts,  at  a  spot  where  the  mountain  masses 
separate  into  two  spurs.  Hence  it  continues  level  for  fourteen  miles,  gradually  widening  east- 
ward. The  Baum  river,  like  the  Under,  runs  at  a  level  of  150  feet  below  the  cultivated  lands ; 
these  lands,  in  fiwl,  being  upon  one  terrace,  the  river  upon  a  second  and  lower  terrace. 

Fak  of  the  Beema. — The  next  valley  on  the  north  is  that  of  the  Beema  river.  The  river  rises 
on  the  elevated  table-land  above  the  Ghats,  at  3090  feet,  and  within  the  first  few  miles  it  tumbles 
over  several  terraces.  The  valley,  for  eighteen  miles,  is  occasionally  as  narrow  as  that  of  the 
Mota  river* 

Fale  of  the  Goreh. — Next  on  the  north  occurs  the  valley  of  the  Goreh  river,  which,  from  the 
source  of  the  river  to  Munchur,  (twenty-nine  miles,)  is  exceedingly  narrow  and  tortuous.  Here 
it  expands  into  the  broad  horizontal  plain  of  Kowta,  ten  miles  wide. 

Faie  of  the  Mahej  Ghat, — In  conclusion,  as  a  contrast  to  the  first  part  of  the  Goreh  valley,  I 
must  mention  the  valley  of  the  Malsej  Ghat,  on  the  south  of  the  Dukhun-base  of  the  fort  of  Hur- 
reechundurghur.  It  is  several  miles  wide,  and  literally  as  level,  even  to  the  brink  of  the  Gh^ts, 
as  if  smoothed  by  art.  Many  of  the  valleys  of  the  Ghits,  particularly  that  of  the  Mool  river,  from 
the  continued  scarped  character  of  the  marginal  mountains,  and  the  flatness  of  the  bottom  for  miles 
in  extent,  look  like  fosses  to  a  Titan's  fortress. 

If  all  these  valleys  be  valleys  of  excavation^  the  present  rivers  could  scarcely 
produce  sucb^  were  we  to  suppose  their  powers  of  attrition  in  operation  from 
the  origin  of  things  even  to  the  end  of  time  ! 

Those  of  a  fissure-like  character  might  have  resulted  from  the  upheaving  of 
the  beds  of  trap  from  below  the  sea^  and  the  consequent  probable  fracture  of 
the  surface ;  but  the  same  explanation  will  not  apply  to  those  valleys  associated 
with  the  preceding,  broad,  flat,  and  margined  by  scarped  mountains,  which 
valleys  are  as  wide  at  their  origin  at  the  crest  of  the  Gh^ts,  and  at  the  sources 
of  the  rivers  which  run  through  them,  as  in  any  part  of  their  length. 

Terraces. 
As  the  rise  from  the  Konkun  to  the  Dukhun  is  by  terraces,  so  the  declination 
of  the  country  eastward  from  the  Ghats  is  by  terraces ;  but  these  occur  at 
much  longer  intervals,  are  much  lower,  particularly  in  the  eastern  parts,  and 
escape  the  eye  of  the  casual  observer.  In  the  neighbourhood  of  Munchur,  on 
the  Goreh  river,  there  are  five  terraces  rising  above  each  other  from  the  east 
to  the  west,  so  distinctly  marked,  that  the  parallelism  of  their  planes,  to  each 
other  and  to  the  horizon,  gives  them  the  appearance  of  being  artificial.  An 
artificial  character  also  pervades  the  form  of  many  insulated  hills :  some  of 
which  viewed  laterally^  appear  to  have  an  extensive  table-land  on  the  summit, 

Sh  S 
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but  seen  endways  look  like  truncated  cones.     Conoidal  frualra  in  the  Gawel- 

gurh  range  have  been  already  noticed.     Other  insulated  hills  are  triangular 

in  their  superficial  planes^  as  the  forts  of  Teekoneh  (three-cornered)  and 

Logliur. 

Escarpments. 

Stupendous  escarpments  are  occasionally  met  with  in  the  Ghats.  In  these 
instances  the  numerous  strata,  instead  of  being  arranged  in  steps,  form  a  con- 
tinuous wall.  At  the  Ahopeh  pass,  at  the  source  of  the  Goreh  river,  the  wall 
or  scarp  is  fully  1500  feet  high*  ;  indeed,  on  the  north-west  face  of  the  bill 
fori  of  Hurreecliundurghur,  the  escarpment  can  scarcely  be  less  than  double 
that  height.  On  the  other  hand,  the  steps  are  sometimes  effaced,  and  a  hill 
has  a  rapid  slope.  This  originates  in  a  succession  of  beds  of  the  softer  amyg- 
daloids,  without  any  basaltic  interstratification  ;  their  superior  angles  disinte- 
grate, and  a  slope  results.  But  moat  usually  three  or  four  beds  of  amygdaloid 
are  found  between  two  strata  of  compact  basalt;  the  former  disintegrates, 
leaving  a  slope,  which  is  not  unfrequenlJy  covered  with  forest  trees,  forming  a 
picturesque  belt :  the  basaltic  scarp  remains  entire,  or  it  may  be  partially 
buried  by  the  debris  from  the  amygdaloids  above ;  but  its  great  thickness 
usually  preserves  it  from  obliteration,  and  it  rises  from  the  wood  below  with 
majestic  effect,  its  black  front  being  finely  contrasted  with  the  rich  and  lively 
green  of  its  sylvan  associate.  It  is  these  strata,  arranged  in  slopes  and  scarps 
repeated  three  or  four  times,  and  so  commonly  met  with  in  insulated  and  other 
mountains  in  Dukhun,  that  constitute  the  amazing  strength  of  the  hill  forts  of 
the  country,  leaving  a  succession  of  natural  walls  encircling  a  mountain.  This 
feature  did  not  escape  the  observation  of  Captain  Dangerfield  in  Malwa,  who 
says,  "From  the  great  difference  in  the  resistance  made  to  decoDiposttioo  by 
"  these  trap  and  amygdaloid  beds,  their  exposed  ends  acquire  a  very  distinct 
"  degree  of  inclination  and  character;  the  amygdaloid  forming  a  great  slope, 
"  and  affording  a  loose  mould  covered  with  vegetation,  the  trap  retaining  its 
"  original  perpendicularity  and  dark  bareness  t-" 

In  the  alternation  of  the  strata  there  does  not  appear  to  be  any  uniformity ; 
but  the  general  level,  thickness,  and  extent  of  a  stratum  are  preserved,  as  in 
sedimentary  rocks,  on  both  sides  of  a  valley ;  the  basalt  and  hardest  amyg- 
daloids being  traceable  for  miles  in  the  parallel  spurs  or  ranges;  but  the  im- 
bedded minerals,  and  even  the  texture,  vary  in  very  short  distances. 

Columnar  Basalt. 
A  great  geological  feature  of  Dukhun  is  the  occurrence  of  columnar  basalt. 

•  Plate  XXVIII.  fig.  I.  t  Malcolm's  Central  India,  Appendix,  p.  S22. 
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The  basalts  and  hardest  amygdaloids  run  so  much  into  each  other  that  the 
line  of  separation  is  not  always  readily  distinguishable,  excepting  of  course 
the  lines  of  horizontal  stratification.  I  observed  the  prismatic  disposition  more 
marked  and  perfect  in  the  basalt  strata  than  in  the  amygdaloids^  and  the  more 
or  less  perfect  development  of  determinate  forms  was  dependent  on  the  com- 
pactness and  limited  constituents  of  the  rocks.  Basalts  and  amygdaloids^  how- 
ever compact^  with  many  imbedded  matters^  rarely  formed  columns.  Perfect 
columns  were  generally  small,  of  four,  five,  or  six  sides ;  but  the  prismatic 
structure  sometimes  manifested  itself  in  basaltic  and  amygdaloidal  columns 
many  feet  in  diameter.  A  bare  mention  of  the  places  where  they  occur  will 
testify  to  their  extended  localities. 

On  the  low  table-land  of  Kurdah,  near  Serroor,  between  sixty  and  seventy  miles  east  from  the 
Ghits,  columnar  basalt  occupies  an  area  of  many  square  miles.  Small  columns  are  seen  in  most 
of  the  slopes  of  the  very  narrow  sinuous  valleys  of  the  flanks  of  the  platform,  and  frequently  the  tops 
or  terminal  planes  of  columns  are  observed  on  the  table- land  forming  a  pavement.  The  perfect 
columns  in  the  flanks  are  generally  small,  four,  Ave,  or  six-sided,  and  rest  on  a  stratum  of  basalt 
or  amygdaloid.  In  some  spots  the  columns  are  articulated,  in  others  not.  In  a  mass  of  columns  in 
the  face  of  the  table-land  towards  Serroor  the  colunms  are  of  different  lengths,  but  spring  from  the 
same  level.  More  articulations  having  been  washed  from  the  outer  columns  than  from  the  inner  by 
monsoon  torrents  dashing  over  them,  a  pretty  flight  of  steps  remains.  The  columns  of  this  table- 
land are  for  the  most  part  erect,  but  sometimes  stand  at  various  angles  to  the  horizon,  usually  at 
45^.  In  one  instance,  near  the  village  of  Kurdah,  they  lean  from  the  east  and  west,  towards  a 
central  upright  mass :  these  are  about  fourteen  feet  in  length,  and  are  not  articulated.  In  a  mass 
of  columns  facing  the  west,  and  two  miles  south  of  the  cavalry  lines  at  Serroor,  some  are  bent  and 
not  articulated ;  they  are  nevertheless  associated  with  straight  columns,  which  are  articulated.  At 
KarkuUah,  thirty  miles  north-west  of  Poona,  between  Tellegaon  and  Loghur,  a  hill  has  been 
scarped  for  the  great  military  road.  Very  numerous  small  columns  occur  in  the  escarpment,  and 
they  lie  piled  upon  each  other  in  a  horizontal  position  ;  the  only  instance  of  the  kind  within  my 
knowledge  in  Dukhun.  Two  or  three  hundred  yards  west  of  the  village  of  Yewtee  Purgunnah 
Kurdeh,  in  the  rocky  banks  of  a  rivulet,  imperfect  columns  are  seen.  On  the  right  bank  they  are 
so  marked,  as  to  have  excited  the  attention  of  the  natives  (an  unusual  event) ;  and  they  are  daubed 
with  red  lead,  in  the  manner  of  Hindoo  deities,  and  venerated. 

At  Kothool,  twenty-two  miles  south  of  Ahmednuggur,  there  is  a  thick  stratum  of  close-grained 
gray  homogeneous  basalt  in  the  face  of  the  hill  on  which  is  seated  the  temple  of  Kundobah.  Ver- 
tical and  horizontal  fissures  are  seen  in  the  lateral  plane  or  exposed  edge  of  this  stratum,  but 
they  are  so  far  from  each  other  as  to  leave  huge  blocks  between  them,  giving  the  appearance  of  the 
superstratum  of  the  hill  being  supported  by  massive  articulated  pilasters.  Parts  of  the  exposed 
edge  are  detached  from  its  mass^  leaving  rude  columns  four  or  five  feet  in  diameter,  eight  or  ten 
high,  and  composed  of  three  or  four  weighty  stones  disposed  to  assume  geometrical  forms.  In  the 
water  courses  near  Kurroos  Turruf  Ranjungaon,  columns  are  observable.  The  basalt  is  bluish 
gray,  compact,  has  a  vitreous  hue,  and  sharp  fracture.  The  colunms  occur  very  abundantly  in 
the  slope  of  the  hills,  on  either  side  of  a  very  narrow  valley  running  westward  from  the  village 
of  Ankoolner,  Ahmednuggur  Collectorate.  They  are  five-  or  six-sided,  articulated,  and  from  a 
foot  to  two  feet  and  a  half  in  diameter,  and  of  various  lengths ;  the  lateral  planes  perfect,  but  in 
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tome  instances  the  sharpness  of  the  angles  has  been  aflTected  by  weathering.     The  texture  U 
close-grained,  colour  almost  black,  and  tbey  afiect  the  needle. 

At  Jehoor,  near  the  source  of  the  Seena  river,  in  an  insulated  hill,  an  obscure  columnar  disposi- 
tion ia  met  with  in  a  rock,  in  whicli  in  other  places  1  had  not  seen  the  slightest  trace  of  it.  A 
stratum  of  red,  cellular,  amygdaloid  fifteen  feet  thick  has  subcolumns  in  its  exposed  edges  eight  or 
ten  feet  in  diameter.  In  the  banks  of  a  water-course  running  inlo  the  Hunga  river,  half  a  mile  east 
of  Parneir,  on  the  elevated  table-land  between  tbe  cities  of  Ahmednuggur  and  Joonur,  basaltic  co- 
lumns are  very  numerous  ;  they  are  five  or  six  feet  high,  not  articulated,  and  are  not  quite  perpen- 
dicular. This  formation  is  evidently  extensive,  as  the  ends  of  columns,  chiefly  pentangular,  appear 
in  the  bed  of  the  water-course  for  some  distance,  forming  a  pavement  of  geometrical  slabs.  The 
ends  of  columns  of  different  lengths  also  appear  in  the  southern  bank  at  intervals,  forming  flights 
of  steps.  The  basalt  of  which  these  columns  are  composed  is  very  close-grained,  almost  black, 
with  shining  specks  of  a  metallic  lustre.  The  rocky  banks  of  the  Kokree  river  at  Jambul,  tn 
the  plain  of  Joonur,  exhibit  a  strong  inclination  to  a  large  columnar  structure.  In  the  hill  fort  of 
Singbur,  at  an  elevation  of  416S  feet,  at  the  nestem  end  of  the  fort,  there  is  a  shcetof  rock  which 
has  the  appearance  of  a  pavement  of  pentangular  slabs.  The  slabs  are  no  doubt  the  terminal 
planes  of  basaltic  columns.  The  same  is  observed  in  the  htll  fort  of  Hurreecbundurghur,  about 
seventy  miles  north  of  Singhur ;  also  in  the  bed  of  a  water-course  one  mile  north-east  of  Bar- 
lonee,  near  the  fortress  of  Purrunda,  1 1 2  miles  east- south-east  of  Singhur ;  and,  lastly,  in  the  bed 
of  the  Mool  river  at  Gorgaon,  Poona  CoUectorate.  These  pavements  extend  to  Malwa,  as  Captain 
Dangerfield  mentions  their  occurrence  in  the  beds 
of  the  Chnmbul  and  Nerbuddah  (Nermada)  ri- 
vers*. The  other  localities  of  basaltic  columns,  or 
a  marked  dispoaiiioti  to  this  structure,  were  in  a 
well  at  Kumlepoor,  between  the  fortress  of  Pur- 
runda and  Barlonee,  near  the  )efl  bank  of  the  Seena 
river  ;  at  Kheir  Turruf  Rasseen,  in  the  face  of  a 
headland,  abutting  on  the  Beema  river,  on  which 
the  town  stands ;  in  the  ascent  to  tbe  temple  of 
BoJeshwur  Turruf  Sandus,  Poona  CoUectorate ; 
and,  finally,  in  the  scarps  of  a  mountain  running 
down  into  the  Konkun,  and  seen  from  the  Naneh 
Ghat,  about  three  miles  distant.  Here  tbe  Giant's 
Causeway  in  Ireland  is  brought  to  mind  ;  but  the 
scale  of  the  mountain  is  infinitely  more  magmfi- 
ccnt,  being  fuUy  4000  feet  high.  There  is  a  dou- 
ble row  of  columns  ;  but  from  their  inaccessible 
situation,  I  could  only  examine  them  through  my 
telescope,  and  cannot  testify,  therefore,  to  their 
I  perfect  development ;  but  the  accompany ingsketch 
give  a  just  idea  of  their  appearance  to  me. 
Captain  Dangerfield  only  once  speaks  of  columns.  They  lie  about  a  mile  from  the  Ner- 
buddah (Nermada),  between  Mundleysir  and  Mhysir,  at  696  feet  above  the  sea  :  they  are  either 


*  Malcolm's  Central  India,  Appendix,  pp.  329,  930. 
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vertical  or  highly  inclined*  General  Hardwick  has  published  a  lithographic  sketch  of  them*.  I 
have  already  stated  that  Dr.  Voysey  found  columnar  basalt  in  many  places  in  the  Oawelgfaar 
range. 

Schistose  Structure. 
Following  the  preceding  formation^  I  may  mention^  that  in  some  few  places 
a  schistose  structure  was  met  with  ;  but  its  extent  was  limited  to  a  few  yards^ 
the  lamellee  were  vertical^  from  an  inch  to  three  inches  in  thickness^  being 
perfect  tables,  with  parallel  bounding  planes.  The  rock  in  which  this  struc- 
ture occurs,  is  a  simple,  indurated,  gray  clay,  which  flies  into  fragments  under 
slight  blows  from  the  hammer.  At  Dytneh  near  Serroor  some  very  perfect 
specimens  have  led  the  inhabitants  to  connect  mystic  influences  with  so  arti- 
ficial a  development  of  inorganic  matter.     The  spot  is  daubed  with  oil  and 

red  lead,  and  venerated. 

Basalt  en  boules. 

Another  characteristic  feature  is  the  genera!  difiusion  of  those  rounded  or 
oval  masses  of  compact  basalt,  with  concentric  layers  like  the  coats  of  an 
onion,  which  the  French  geologists  denominate  '^  Basalt  en  boules ",  and 
ourselves,  nodular  basalt. 

These  concretions  are  usually  found  at  the  base  of  hills,  buried  in  the  debris  from  the  decom- 
posing strata;  but  in  the  Konkun,  between  Choke  and  Campolee,  (the  latter  at  the  foot  of  the 
Bore  Ghiit,)  two  villages  on  the  high  road  between  Bombay  and  Poona,  I  met  with  them  lying  on 
the  surface  over  a  considerable  area.  They  occur  in  a  similar  manner  on  the  table-land  of  the 
ball-practice  hill  at  Poona.  At  Koothool  (already  mentioned),  in  the  slope  of  the  hill,  and  in  the 
debris  at  its  base,  and  along  the  edge  of  the  table-land  near  Paubul,  they  are  abundant ;  but  the 
finest  specimens  are  seen  near  the  village  of  Karkullah,  thirty  miles  north-west  of  Poona,  associated 
with  horizontal  basaltic  columns.  The  hill  has  been  cut  away,  to  form  the  great  military  road. 
In  making  the  escarpment  the  balls  were  met  with,  and  it  being  impossible  to  cut  through  the 
nuclei  in  vertical  sections,  it  was  either  necessary  to  leave  them  projecting  or  to  remove  them 
altogether :  in  the  latter  case  cavities  remained  equal  to  the  hemispheres  of  the  nuclei ;  and  the 
vertical  sections  display  from  ten  to  fifleen  concentric  layers  of  friable  gray  stone,  which  in  some 
instances  T  have  found  to  affect  the  needle.  I  compared  specimens  of  the  nuclei ;  with  a  mass 
brought  by  me  from  the  Solfatara  at  Naples,  and  found  them  quite  similar  in  aspect,  colour, 
hardness,  and  great  weight.  This  formation  excited  the  attention  of  those  gentlemen  who  have 
visited  the  northern  and  eastern  parts  of  the  great  trap  region  t;  but  Dr.  Voysey  was  qui^e  mis- 

.*  Malcolm's  Central  India,  Appendix,  p.  S2S, 

*)-  Dr.  Voysey  says, ''  The  nodular  wacken  or  basalt  is  one  of  the  most  common  forms  of  trap 
"  in  the  extensive  districts  composed  of  the  rocks  of  the  family  south  of  the  Nermada  (Nerbuddah) 
^*  river.  It  occurs  perpetually  in  the  extensive  and  lofty  range  of  mountains,  (the  Gawalghur) 
*'  situated  between  the  Puma  and  Tapti  rivers,  and  appears  to  form  their  principal  mass.  It  is 
«  found  equally  abundant  throughout  the  whole  of  Berar,  part  of  the  provinces  of  Hyderabad,  Beder 
**  and  Sholapoor,  and  appears  to  form  the  basis  of  the  great  western  range  of  trap  hills  which  separate 
**  the  konkun  from  the  interior  of  the  Dukhun." — Physical  Class,  Asiatic  Researches,  pp.  126, 1 89. 
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taken  in  supposing  it  formed  ibe  basis  of  the  Western  Ghitts,  Captain  Couhhard  speaks  of  it 
in  Sagar^.  Major  Franklin  also  noticed  it  in  ilie  trap  of  Sagar,  in  lat.  23°  51',  and  long,  78°  44', 
at  1933  feet  above  the  sea,  as  "  frequently  globular  ;  the  nuclei  of  the  decaying  masses,  varying  ia 
"  size  frona  an  egg  to  a  large  bombsheU,  and  their  decomposing  concentric  lamella:  being  generally 
"  yery  thin,  and  often  very  numerous  "  \. 

Dykes. 

I  now  pass  to  the  basaltic  dykes,  several  of  which  came  under  ray  notice 
in  difTerent  parts  of  the  country.  They  are  all  vertical,  and  I  did  not  ob3er\-e 
that  they  occasioned  any  disturbance  or  dislocation  in  the  strata  of  basalt  and 
amygdaloid,  through  which  they  passed. 

Two  dykes  run  obliquely  across  the  valley  of  Karleh,  (35  miles  north-west  of  Poona),  and 
inierseet  each  other :  they  arc  about  four  feet  thick  and  eut  amygdaloidal  strata.  A  prismatic 
disposition  is  generally  observable  in  the  fracture,  and  from  one  of  them  I  obtained  a  square 
prism,  which  lay  at  right  angles  to  the  walls  of  the  dyke.  The  texture  is  compact.  The  military 
road  running  through  this  valley  and  down  the  Bore  Gh^t  to  Panwell,  is  frequently  crossed  by 
ridges  which  I  presume  to  be  the  outcrops  of  dykes.  A  dyke  is  seen  on  the  southern  slope  of 
an  insulated  hill,  near  the  villages  of  Bosree  and  Digghee,  7^  miles  north  of  Poona  t.  It  is 
about  four  feet  thick,  has  a  transverse  prismatic  fracture,  is  compact,  and  runs  from  the  bottom 
to  the  top  of  the  hill ;  hut  it  is  not  discoverable  in  the  northern  slope.  It  is  visible  from  the  can- 
tonments at  Poona.  A  similar  dyke  occurs  in  the  hill  at  Ombieh,  twenty  miles  north-north- 
neat  of  Poona.  But  the  most  remarkable  dyke  runs  vertically,  from  east  to  west,  through  the 
hilt  fort  of  Hurreechundurghur.  It  is  first  seen,  of  a  thickness  of  six  or  seven  feet,  in  the  ascent 
of  the  mountain  on  the  south-east  from  Keereshwur,  about  400  feet  below  the  crest  of  the  scarp. 
The  path  of  ucent  into  the  fort  is  tntenected  by  it,  and  its  prismatic  fracture,  at  right  angles  to  its 
planet,  oSen  a  few  available  stepa  in  the  ascent.  It  ia  traceable  for  about  300  feet  in  perpen- 
dicular height.  On  the  top  of  the  mountain,  within  the  fort,  about  a  mile  to  the  westward,  it  is 
ditcoverable  at  intervaU,  cutting  through  basaltic  and  amygdaloidal  strata.  I  could  ixit  ascertain 
whether  ot  not  it  sppean  in  the  western  icarp  of  the  mountain,  the  point  to  which  it  direct*  its 
course  being  wholly  inaccettible. 

The  gentlemen  whose  geological  memoirs  1  have  quoted,  rarely  advert  to  the 
subject  of  trap  dykes,  and  their  notices  are  very  brief.  Capt.  Dangerfield  says, 
"  The  trap  of  the  southern  boundary  of  Malwa  is  much  intersected  by  verti- 
"cal  veins  of  quartz,  or  narrow  seams  of  a  more  compact  heavy  basalt,  which 
"  appears  to  radiate  from  centres^."  Beyond  the  continuous  trap  region  of  the 
peninsula.  Dr.  Voysey  notices  a  basaltic  vein  in  sienite,  near  the  Cavary  river 

*  "  The  base  of  the  bills  is  invariably  broader  than  the  summit ;  and  if  the  sides  of  a  hill  are 
"  smooth  and  even,  balled  trap,  often  a  concentric  lamellar  variety  will  be  the  principal  component 
"  matter,  decomposing  and  decomposed  into  a  predominating  workable  clay,  siill  showing  the 
"  parallel  converging  layers." — Phytical  Clan,  Aiialic  Researches,  p.  78. 

t  Physical  Class,  Asiatic  Researches,  p.  30.  J  See  Plate  XXVIII.  fig.  I. 

§  Malcolm's  Central  India,  Appendix,  p.  330. 
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at  Seringapatam^  whicb  must  have  been  propelled  upwards^  as  it  broke 
through  an  oblique  seam  of  hornblende  in  the  sienite^  and  carried  the  pieces 
up  above  the  level  of  the  hornblende  vein* .  ''  On  the  eastern  coast/'  Mr. 
Calder  says,  ''from  Condapilli  northward^  the  granite  is  often  penetrated 
''  and  apparently  heaved  up  by  injected  veins  or  masses  of  trap^  and  dykes  of 
''  greenstone  f ." 

Ferruginous  Clay. 

The  next  distinctive  feature  is  the  occurrence  of  strata  of  red  ochreous 
rock^  in  fact^Mac  Culloch's  ferruginous  clay  underlying  thick  strata  of  basalt 
or  amygdaloid^  precisely  as  is  seen  to  be  the  case  in  the  Giant's  Causeway  in 
Ireland.  It  passes  through  every  variety  of  texture^  from  pulverulent^  friable^ 
and  indurated^  to  compact  earthy  jasper.  The  stratum  is  from  an  inch  in 
thickness  to  many  feet.  The  rock  makes  a  red  streak  on  paper^  with  the 
exception  of  the  very  indurated  kinds^  and  does  not  affect  the  needle.  It  is 
pulverulent  near  the  basaltic  columns  at  Serroor^  friable  under  sub-columnar 
red  amygdaloid^  near  the  source  of  the  Seena  river^  indurated  under  basalt 
at  Kothool.  Although  hard^  it  is  here  so  cellular  as  to  have  the  appearance 
of  sponge^  and  reduced  to  powder^  looks  like  brickdust. 

In  the  scarps  of  the  hill  fort  of  Hurreechundurghur  and  a  mountain  near  Joonur  in  which  are 
excavated  numerous  Boodh  cave  temples,  it  is  found  compact  and  homogeneous,  and  is,  in  fact, 
an  earthy  jasper.  In  these  localities  it  lies  under  from  300  to  600  feet  of  hasalt.  In  the  former 
locality  it  is  about  three  feet  thick,  in  the  latter  one  foot.  At  Nandoor,  north-north-west  of 
Ahmednuggur,  in  the  valley  of  the  Godavery  river,  it  is  found  as  a  porphyritic  stratum  many 
feet  in  thickness,  and  is  used  as  a  building  stone.  The  imbedded  matter  consists  of  very  minute 
crystals  of  lime.  At  Wangee,  lying  nearly  in  the  latitude  of  Barlonee,  but  differing  IS  miles  in 
longitude,  and  at  Barlonee  it  occurs  as  an  earth :  as  both  places  lie  on  the  same  level,  I  have  no 
doubt  the  stratum  is  continuous  between  them.  It  occurs  abundantly  in  the  Ghats,  frequently 
discolouring  the  rivulets,  and  giving  a  ferruginous  character  to  the  soil  over  a  considerable  area. 
When  thin^  and  under  heavy  beds  of  basalt  or  amygdaloid,  the  exposed  edge  of  the  stratum 
projects,  is  rounded,  and  double  the  thickness  of  the  stratum  itself;  as  if  it  had  once  been  in  a 
tenacious  fluid  state^  and  squeezed  out  by  the  superincumbent  basalt.  Such  is  the  case  at 
Jehoor,  and  an  illustrative  specimen  accompanies  this  paper. 

Pulverulent  Limestone. 

Limestone  is  met  with,  in  the  Dukhun,  only  in  three  states :  pulverulent^ 
nodular,  and  crystalline.  The  first  occurs  in  thin  seams  on  the  banks  of  rivers 
and  water-courses  and  at  the  base  of  hills  in  debris.     The  seams  are  from  an 

*  Physical  Class,  Asiatic  Researches,  part  i.  p.  %%. 
t  Ibid.,  part  i.  p.  10. 
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inch  to  three  feet  in  thickness,  covered  by  a  few  feet  of  black  earth.  Some* 
tiroes  in  whiteness  it  resembles  pounded  chalk,  and  is  then  used  by  children 
to  smear  their  writing  boards. 

In  this  state  it  ooccurs  at  Jehoor  and  Islampoor  near  Ahmednuggur.  At  Kurkamb  and  at 
Salseh,  ten  miles  south  of  the  fortress  of  Kormaleb,  it  is  net  with  under  black  euth  in  unusually 
thick  strata,  and  of  a  peculiar  whiteness.  Major  Franklin  notices  "  a  stratum  of  earthy  limestone, 
white  as  chalk,  at  Sagar,  occurring  under  a  stratum  of  amorphous  trap  *." 

Nodular  Limestone. 

The  nodular  limestone,  which  is  the  well-known  kunkurf  of  India,  {Jkunkur 
being  a  native  word  for  nodule,)  occurs,  like  the  preceding,  disseminated  or 
diffused  in  the  soil,  and  also  on  the  surface.  I  have  never  seen  the  nodules 
of  a  regular  crystalline  form.  They  vary  in  size  from  a  marble  to  a  twelve- 
pound  shot,  and  many  of  them  are  exceedingly  irregular  in  shape,  particularly 
those  dug  from  the  banks  of  rivers.  They  are  sometimes  obscurely  lenticular. 
They  are  so  abundant  in  certain  localities  that  they  appear  as  if  showered 
upon  the  earth,  and  disguise  its  colour.  Dr.  Buchanan  mentions  the  same 
in  Rajmahl.  When  upon  black  soil,  they  are  usually  minute  and  tolerably 
uniform  in  size  :  on  other  soils  their  form  is  variable.  In  the  Ghats  neither 
pulverulent  nor  nodular  lime  is  met  with.  It  is  unnecessary  to  particularize 
the  localities  of  the  nodular  kind,  as  it  is  of  common  occurrence  eastward 
from  the  hilly  tracts  of  the  Ghats,  and  is  the  only  source  of  lime  for  mortar,  a 
class  of  persons  making  a  livelihood  by  collecting  the  larger  nodules.  When 
carefully  burnt,  Ihey  make  an  excellent  cement.  Captain  Dangerfield  de- 
scribes '^  the  occurrence  (in  M alwa)  in  some  parts,  particularly  near  the  bottom 
of  the  small  hills  and  banks  of  the  rivulets,  of  a  thin  bed  of  loose  marl  or  coarse 
earthy  limestone  J". 

Captain  Coulthard  says,  '^  In  Sagar  a  white  patch  of  this  limestone  moulder- 
ing by  the  weather  is  the  source  from  whence  comes  the  particles  of  kunkur, 
mixed  with  the  black  basaltic  earth  of  the  neighbouring  valley,  in  such  pro- 
portion as  to  add  increased  fertility  to  it;  and  if  a  rivulet  meanders  through 
that  valley  (and  such  is  generally  the  fact),  patches  made  up  of  aggregated 
''  particles  of  the  same,  will  here  and  there  be  found ;  and  this  it  is  which  the 
''  native  families  pick  out  and  work  into  lime  §".  Captain  Coulthard  refers  the 
origin  of  the  nodules  to  limestone  rock  underlying  basaltic  strata,  but  I 

*  Physical  Class,  Asiatic  Researches,  part  i.  p.  30. 

t  The  Mahratta  word  is  not  spelt  with  an  "  a." 

X  Malcolm's  Central  India,  p.  328. 

§  "  Trap  of  the  Sagar  District,"  Physical  Class,  Asiatic  Researches,  p.  60. 
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cannot  trace  them  to  such  a  source^  not  having  seen  strata  of  compact  lime- 
stone^ properly  so  called^  in  the  Dukhun.  The  only  specimen  of  compact 
limestone  met  with  by  me  was  in  the  bed  of  the  Beema  river  near  Pundur- 
poor.  It  was  an  insulated^  amorphous^  gray  mass^  four  or  five  feet  in  dia- 
meter. I  looked  upon  it  as  an  aggregation  of  the  pulverulent  particles  of 
the  lime  disseminated  in  the  neighbouring  banks.  A  specimen  of  it  ac- 
companies this  paper. 

Crystalline  Limestone. 

Lime  in  a  crystalline  state  occurs  only  as  an  imbedded  mineral  in  the 
amygdaloidal  strata^  in  quartz  geodes^  and  in  the  nucleus  or  compact  part 
of  masses  of  mesotype  or  stilbite.  It  is  rare  compared  with  the  preceding 
varieties. 

Loose  Stones. 

Another  feature  of  Dukhun  is  the  occurrence  of  immense  quantities 
of  loose  basalt  stones^  as  if  showered  upon  the  land ;  also  masses  of  rock 
heaped  and  piled  into  mounds  as  if  by  the  labour  of  man.  Their  partial 
distribution  is  not  less  remarkable  than  their  abundance.  For  the  most  part^ 
the  stones  have  a  disposition  to  a  geometrical  form^  and  it  is  by  no  means 
rare  to  meet  with  prisms  of  three  or  four  sides  and  cubes  almost  perfect : 
stones  with  one  or  two  perfect  planes  are  very  common.  Their  texture  is 
close-grained  and  the  colour  verging  to  black. 

At  Dehwuree,  Hungawaree,  Behloondee,  Kothool,  and  Dytneh  in  the  Ahmednuggur  CoUectorate, 
they  are  very  abundant.  At  the  last  place  they  cover  fields  several  acres  in  extent,  so  thickly 
that  the  black  fertile  soil  on  which  they  rest  is  not  discoverable :  they  vary  from  an  ounce  to 
several  pounds  in  weight.  Amongst  these  I  picked  up  a  perfect  square  prism.  In  neighbouring 
fields,  most  unaccountably,  there  is  not  a  stone  to  be  seen  :  patches  of  sheet  rock  occur  in  their 
vicinity.  Other  localities  are  the  top  of  the  Neem  Durra  Gh^t  near  Ahmednuggur;  the  junction 
of  the  Beema  and  Seena  rivers  below  Mundroop ;  right  bank  of  the  Seena  at  Kurmaleh ;  between 
Korjut  and  Meerujgaon ;  and  generally  it  may  be  stated  that  the  precipitous  slopes  of  the  low 
table-lands  of  the  Desh  (open  or  flat  country)  are  very  strong  and  rocky.  For  ten  miles  between 
Jeetee  and  Soagaon,  Ahmednuggur  CoUectorate,  the  fields,  and  even  the  road,  are  so  thickly 
strewn  with  large  basalt  stones  as  to  render  cultivation  difficult  and  travelling  penible. 

Rochf  Heaps. 

The  singular  heaps  of  rocks  and  stones  above  noticed  occur  at  Kanoor^ 
Patus^  Kheir^  between  Kurjut  and  Meerujgaon^  and  at  other  places  in  the 
Desh^  but  not  in  the  Mawals^  or  hilly  tracts  of  the  Ghats.  The  heaps  are 
from  twenty  to  seventy  feet  in  diameter^  and  the  same  in  height :  when  com- 
posed of  rocky  masses  without  small  stones,  blocks  of  three  or  four  feet  in  dia- 
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meter  and  willi  a  disposition  to  determinate  forms,  are  piled  upon  each  other, 
constituting  rude  pillars.  In  certain  parts  of  the  country  frorii  fifty  to  sixty  of 
these  heaps  are  seen  within  the  area  of  a  couple  of  square  miles,  and  it  ex- 
cites surprise  that  the  intermediate  ground  is  destitute  of  stones. 

Sheets  of  Rock. 
Mention  must  not  be  omitted  of  the  constant  recurrence  of  sheets  of  rock 
of  considerable  extent  at  the  surface,  and  totally  destitute  of  soil :  this  is  par- 
ticularly the  catiie  in  the  Mawals^  or  hilly  tracts  along  the  Ghats.  They 
abound  with  narrow  vertical  veins  of  quartz  and  chalcedony.  When  of  suffi- 
cient thickness,  the  vein  splits  in  the  centre  parallel  to  the  surface  of  its 
walls,  the  interior  being  drusy  with  quartz  crystals  :  the  walls  consist  of 
layers  of  chalcedony,  cachalong,  hornstone,  and  semi-opal.  These  veins 
supply  the  majority  of  the  siliceous  minerals  so  abundantly  strewed  over 
Dukhun. 

The  localities  wliere  the  sheets  of  rocka  panicularly  struck  me  were  Lak  ungaon,  on  the  plain  uf 
Joonur,  and  generally  in  the  valley  of  llie  Goieh  river ;  at  Kothool,  Pergunneh  Kurdeh ;  ai 
Khcir  and  Raseeu;  in  the  hill  fort  of  Hurreechundurghur  ;  most  markedly  between  Kooldumm 
and  Pairgaon  on  the  Beema  river.  At  Aklapoor,  on  the  Mool  river,  (Ley  were  very  extensive; 
and  at  Angur,  Mohol,  Kurjut,  and  Paikool.  Generally  in  the  eastern  and  souih-eaatem  parts  of 
my  tract,  much  decomposing  ansygdaloid  is  found  at  the  surface  of  the  low  table-lands  or  terraces, 
which,  in  favourable  monsoons,  is  equal  to  the  supjmrt  of  Jowaree*;  hut  n  small  deficiency  in  the 
3  the  destruction  of  the  crop. 


Structure  and  Mineral  Composition  of  the  Trap  Rocks. 

The  structure  and  miDeral  composition  of  the  trap  rocks  in  Dukbun  vary 
exceedingly  in  short  distances,  even  in  the  same  Mratum  ;  nevertheless,  the 
predominant  character  does  not  disappear,  although  the  basalt  in  a  con- 
tinuous bed  may  pass  several  times  from  close-grained,  compact,  and  almost 
black,  to  gray,  amygdaloidal,  and  externally  decomposing.  The  same  ob- 
servation applies  to  the  amygdaloida.  A  variety  of  compact  basalt,  of  an 
intense  green  colour,  is  susceptible  of  a  brilliant  polish,  and  rivals  the  cele- 
brated Egyptian  kind.  It  is  of  great  weight  and  remarkable  hardness :  (he 
natives  use  it  to  work  into  idols  for  their  temples,  pedestals  to  the  wooden 
columns  in  their  mansions,  and  slabs  for  inscriptions.  The  bulls  of  the  si2e 
of  life,  always  placed  before  the  temples  of  Mahadeo,  are  cut  out  of  (his 
variety  at  Raseen,  Wurwund,  and  the  renowned  Boleshwur.  Some  of  the 
pedestals  in  the  gateway  of  the  Mankeswur  palace  at  Teimboornee  look  like 

•  Andropogon  Sorghum. 
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mirrors.  In  the  temple  at  Pooluj  south  of  Punderpoor^  there  is  a  slab  six  or 
seven  feet  long  and  9^  broad^  covered  with  an  inscription  in  the  Kanree 
language ;  and  in  Punderpoor  the  streets  are  paved  apparently  with  the 
same  basalt  At  Jehoor  and  near  Ahmednuggur  is  found  a  compact  kind 
like  the  last^  but  not  so  heavy.  It  has  a  crystalline  character  and  sharp  frac- 
ture, and  has  angular  siliceous  pebbles  imbedded:  an  occasional  pebble  is 
loose  in  its  cell.  In  the  Happy  Valley  near  Ahmednuggur  the  basalt  is  com* 
pact  and  smooth^  with  reddish  flat  transparent  crystals  imbedded.  It  opposes 
a  feeble  resistance  to  the  hammer^  and  flies  into  fragments^  some  of  which 
have  right  angles.  The  basalt^  even  of  the  true  columns^  is  not  of  a  uniform 
texture  in  different  localities  :  at  times  it  is  blackish  or  gray^  and  very  small^ 
granular  or  compact ;  at  others,  earthy  and  ferruginous^  particularly  exter- 
nally. The  basis  of  the  amygdaloids  is  clay^  with  more  or  less  hornblende 
disseminated  :  they  embrace  the  cellular,  porphyritic,  hard,  friable,  and  de- 
composing. I  endeavoured  to  class  them  agreeably  to  the  prevalence  of 
quartz,  chalcedony,  lime^  mesotype,  or  stilbite,  as  imbedded  minerals,  but 
found  the  method  of  very  limited  application.  Sometimes  one  mineral  only 
is  imbedded^  occasionally  two,  and  often  the  whole. 

In  Hurreechundurghur  quartz  amygdaloid  prevails :  at  Aklapoor  on  the 
Mool  river  it  is  characterized  by  mesotype,  that  mineral  being  imbedded  in 
large  masses^  and  the  radii  (six  or  seven  inches)  are  the  longest  I  have  seen. 
At  Nandoor  it  is  porphyritic  with  minute  crystalline  specks  of  lime :  near 
Ahmednuggur  is  seen  a  cellular^  indeed  spongiform  kind,  which  is  hard,  and 
the  cells  are  empty.  A  small  cellular  and  pisiform  variety  is  found  in  the 
wonderful  cave  temples  of  Ellora,  and  some  of  the  sculptured  figures  appear 
as  if  marked  by  the  smallpox.  This  observation  is  partially  applicable  to 
the  Boodh  and  Hindoo  cave  temples  of  Elephanta^  Salsette^  Karleh,  Joonur^ 
the  Naneh  Ghit,  and  the  Adjunteh  Ghat;  all  of  which  are  excavated  in 
basaltic  or  amygdaloidal  strata.  The  stilbite  or  Heulandite  amygdaloid  is  of 
very  common  occurrence ;  but  the  most  prevalent  kind  is  that  in  which  all 
the  minerals  noticed  above  are  associated.  The  stone  usually  selected  for 
building  is  of  various  shades  of  gray  or  bluish  gray  ;  has  hornblende  dis- 
seminated in  very  small  crystals ;  works  much  easier  than  some  of  the  com- 
pacter  basalts^  but  takes  a  good  polish.  The  entire  temples  of  Koorul  and 
Boleshwur^  with  their  innumerable  alto-relievo  figures  and  laboured  orna- 
ments^ are  built  of  this  variety  of  trap,  which  is,  in  fact,  a  greenstone, 
although  less  crystalline  than  the  European  rock.  There  is  a  variety  selected 
carelessly,  also  used  in  building,  which  has  the  structure  and  nearly  the 
external  characters  of  the  last,  but  which,  in  weathering,  exfoliates,  find  the 
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buildings  fall  to  ruin  ;    such  is  the  case  with  the  great  temple  in  Hurree- 
chuntlurghur. 

1  must  not  omit  mention  of  two  remarkable  rocks  which,  as  far  as  my 
reading  extends,  have  not  been  noticed  by  authors  on  European  geology. 
The  first  is  an  amygdaloid  in  which  compact  stilbite  is  imbedded  in  a  ver- 
micular form.  One  of  its  localities  is  the  insulated  hill  on  which  stands  the 
temple  of  Parwuttee  in  the  city  of  Poona*  ;  and  it  is  met  with  in  many  other 
places.  Captain  Dangerfield  observed  the  same  peculiar  stratum  near 
Sagar.  He  says,  "There  occurs  an  amygdaloidal  or  porphyritic  rock  con* 
"  sisting  of  a  compact  basis  of  wacke,  in  which  are  imbedded  in  great  abun- 
"  dance  small  globular  or  uniform  masses,  but  more  usually  long  curved  cy- 
"  lindrical  or  vermiform  crystals  of  zeolite  f" 

The  other  rock  occurs  as  a  thick  stratum  of  amygdaloid  at  the  elevation  of 
4000  feet,  in  the  bill  forts  of  Hurreechundurghur  and  Poorundhur;  and  iti 
the  bed  of  the  Goreh  river  at  1800  feet,  near  Serroor.  The  matrix  resem- 
bles that  of  the  otiier  amygdaloids,  but  the  mineral  imbedded  is  a  glassy 
felspar  in  tables  resembling  Cleavelandite,  crossing  each  other  at  various 
angles,  and  so  abundant  as  to  occupy  a  moiety  of  the  mass.  I  have  only 
remarked  it  in  the  above  localities,  and  it  does  not  appear  to  have  come 
under  the  notice  of  the  gentlemen  I  have  so  often  quoted  in  other  parts 
of  the  peninsula. 

Minerals. 

Minerds  are  not  liniformly  dispersed  in  Dukhun.  In  one  part  quartz  pre- 
dominatefti  in  another  chalcedony ;  and  these  are  more  or  less  associated  with 
jaspers,  agates,  bornstones,  heliotrope,  and  aemi-Opal  or  cachalong.  In  other 
places  particular  members  of  the  zeolite  family  prevail,  nearly  to  the  exclusion 
of  the  siliceous  class ;  and  elsevrhere  there  is  a  diminution  of  minerals  amount- 
ing almost  to  privation.  Amethyst  quartz  is  rare  in  Dukhun  ;  when  met  with 
it  constitutes  the  crystal,  lining  the  interior  of  geodes  of  agate.  1  have  not 
seen  it  in  veins.  FBeudomorpbous  quartz  is  common ;  the  most  frequent 
imprcBsioh  is  that  of  rhomb  spar.  Lime  occurs  only  in  three  crystalline 
forms  :  rhomb,  dog-tooth,  and  the  dodecahedron.  The  first  is  found  on  the 
suriace,  and  imbedded  in  masses  of  quartz  and  compact  mesotype;  the  two 
latter  forms  are  associated  with  ichthyoph  thai  mite  in  cavities  in  the  amygdaloid 
strata  J. 

•  See  Plate  XXVUI.  fig.  2.,  near  to  the  city  of  Poona. 
t  Central  India,  p.  328. 

t  That  comparatively  rare  European  mineral,  ichthyophthalmite,  is  most  abundant  and  of  great 
beauty  in  the  neighbourhood  of  Poona. 
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The  following  are  a  few  of  the  mineral  localities : 

At  Kothool^  south  of  Ahmednuggur,  tlie  numerous  quartz  and  chalcedony  vems  cover  the 
country  with  agates,  colourless  quartz-crystals,  and  chalcedony ;  some  of  the  specimens  are  fully 
a  foot  thick,  including  hoth  walls  of  the  vein.  Here  are  met  with  some  few  crystals  of  calca- 
reous spar  inclosed  in  quartz.  At  Ahmednuggur,  to  the  above  siliceous  minerals,  some  members 
of  the  zeolite  family  are  to  be  added,  principally  stilbite.  At  Nandoor,  on  the  plain  of  the  Goda- 
very  river,  the  zeolites  disappear,  and  the  siliceous  minerals  are  limited  in  number.  On  the  con- 
trary, at  Jamgaon,  eighteen  miles  west  of  Ahmednuggur,  on  the  upper  terrace  or  plateau,  in  ad« 
dition  to  all  the  minerals  enumerated,  bits  of  yellow  and  red  jasper  and  heliotrope  occur.  As- 
cending the  Mool  river  from  Nandoor,  at  Aklapoor,  great  masses  of  mesotype,  with  radii  several 
inches  long,  are  found  imbedded  in  friable  amygdaloid.  North  of  Aklapoor,  at  Gorgaon,  a  new 
mineral  occurs  in  a  mass  two  feet  in  diameter.  Its  depth  I  do  not  know,  as  it  lay  partly  buried  in 
the  amygdaloid  bed  of  the  river :  its  colour  green,  and  breaking  into  rhombs.  Gorgaon  is  the 
only  locality  known  to  me  of  this  mineral.  Its  measurements  are  those  of  calcareous  spar,  but  the 
specific  gravity  is  less.  It  is  stated  to  be  coloured  by  green  earth.  It  is  interesting  from  being 
unknown  in  the  cabinets  in  England. 

A  few  miles  further  up  the  Mool  river,  at  the  village  of  Chas,  in  the  shoulder  of  a  hill  formed 
of  numerous  thin  horizontal  beds  of  decomposing  amygdaloid,  many  specimens  of  cloudy  calca- 
reous spar,  imbedded  in  stilbite,  are  found,  and  the  siliceous  minerals  are  rare.  Ascending  to  the 
source  of  the  river  the  same  scarcity  prevails.  Three  miles  south-south-west  of  Chas,  at  Brah- 
munwareh,  great  masses  of  stilbite,  of  the  radiating  foliate  kind,  are  imbedded  in  hard  amygdaloid. 
In  the  hill  fort  of  Hurreechundurghur,  although  siliceous  minerals  are  not  abundant,  crystallized 
quartz  of  various  colours  is  seen,  a  feature  not  characterizing  the  Desh  or  open  country.  South 
of  Ahmednuggur,  as  far  as  Soagaon  on  the  Beema  river,  and  Meerujgaon  on  the  Seena  river,  the 
Ahmednuggur  minerals  prevail ;  hence  descending  the  Beema  to  its  junction  with  the  Seena,  a 
gradual  diminution  takes  place,  and  at  the  junction  they  almost  disappear ;  returning  north,  at 
Ashtee,  between  Kurkumb  and  Mohol,  a  few  are  met  with.  At  Oondurgaon,  and  up  both  banks 
of  the  Seena  river  to  Purrunda,  numerous  and  very  fine  specimens  of  milk  opal,  with  a  flame- 
coloured  tinge  in  transmitted  light,  are  found  on  the  surface ;  and  this  is  the  only  locality  where  I 
met  with  opal  as  a  distinct  mineral ;  and  here  die  members  of  the  zeolite  fiunily  are  very  rare.  At 
Tudwullf  between  Oondurgaon  and  Barlooee  occur  the  only  specimens  of  black  calcareous  spar 
seen  hy  me  in  Dukhun ;  it  is  associated  with  tri^nspar^nt  calcftreous  spar..  In  ei^^vating  wells  in 
the  cantonments  at  Poona,  splendid  specimens  of  ichthyophthalmite  were  brought  to  light ;  and 
generally  in  the  bed  of  the  river  Mota-Mpla  4Bd  the  neighbourhood,  fine  specimens  of  heliotrope 
and  coloured  quartz  occur.  The  other  minerals  are  nadeUtein,  analcme,  chabasite,  and  laumo^ 
niie*  Ci^tain  Dangerfield's  details  prove  that  the  minerals  of  Malwa  are  identical  witji  those  of 
Dukhon. 

Natural  Salts. 

Only  two  kinds  of  naturfil  salt  came  under  my  notice^  namely^  muriate  and 
carbonate  of  soda. 

With  respect  to  the  former,  many  of  the  wells  at  Ahmednuggur  are  brackish ;  and  there  is  a 
rivulet  running  into  the  Seena  river  about  two  miles  north-west  of  the  city,  which  iias  its  source  a 
few  miles  distant,  called  the  Salt  Brook.     It  passes  over  a  saliferous  soil ;  and  in  its  dry  bed,  or 


on  insulated  stones  standing  in  its  Btream,  are  incnistAtions  of  common  sail  intimately  mixed  wiih 
rarbonate  of  lime.  No  use  is  mode  of  this  salt.  The  saline  impregnation  of  the  soil  extends  to 
some  distance  west  and  norih-viest  of  Ahmednuggur,  as  I  found  a  handsome  well  at  Kurjooneh, 
eight  miles  distant,  filled  with  water  so  brackish  as  not  to  be  available  for  domestic  use.  At  Wut- 
gaon,  between  Kurjut  and  Pairgaon,  a  peculiar  hoary  appearance  of  a  patch  of  ground  in  the  midst 
of  withered  grass,  led  me  to  examine  it.  The  whiteness  was  occasioned  by  lime  in  minnle  panicles, 
mixed  with  a  little  muriate  of  soda. 

The  third  locality  of  common  salt  was  in  the  bed  of  a  rivulet  at  Koond  Mawlee,  near  the  falls 
on  the  Kookree  river,  between  Serroor  and  KowU.  A  little  common  salt,  with  a  trace  of  carbo- 
nate of  soda,  appeared,  incrusting  the  rocky  bed  for  a  few  feet  near  the  water  line.  1  did  not 
observe  common  salt  elsewhere.  My  atteniion  was  first  directed  to  carbonate  of  soda  at  Sertoor,  by 
obsening  washermen  digging  for  earlli  in  llie  banks  of  a  rivulet ;  learning  that  they  used  it  to  wash 
their  clothes,  I  obtained  a  quantity ;  lixiviated  the  earth,  boiled  down  the  lixivium,  and  on  cooling 
obtained  a  large  crop  of  crystals,  which  the  usual  tests  indicated  to  be  carbonate  of  soda.  I  only 
met  with  one  other  bed,  although  1  have  no  doubt  they  are  numerous.  At  Kalbar  Lonee,  twelve 
miles  east  of  Poona  and  two  miles  south  of  the  Mota-Mola  river,  within  an  area  of  200  yards,  a 
constant  moisture  and  partial  absence  of  vegetation  is  observed.  An  efflorescent  matter  appears 
on  the  surface  every  morning,  which  is  carefully  swept  up  and  sold  to  washermen:  it  is  carbonate 
of  soda.  Theoccurrenceof  salts  in  the  trap  formation  did  not  escape  Captain  Daugerfield's  notice. 
He  states  that  "  the  banks  of  the  Nerbudd«h  (Nermada)  near  Mundleysir,  consist  of  an  upper  thin 
bed  of  vegetable  mould;  a  central  bed,  chiefly  of  indurated  raarle,  strongly  impregnated  with  mu- 
riate of  soda ;  and  a  lower  bed,  of  a  reddish  hue,  with  much  carbonate  of  soda.  In  the  dry  season 
these  salts  form  a  thick  efflorescence  on  the  surface  of  the  bank*."  Saltpetre  is  manufactured  in 
Dukhun,  not  from  nitrated  soils,  but  from  the  scrapings  of  old  walls.  I  have  also  seen  specimens 
of  muriate  of  ammonia  obtained  by  the  lirick  and  tile  makers  in  burning  dung,  stable  and  oihet 
refuse  matters  in  their  kilns. 

Ores. 

No  other  ore  than  that  of  iron  is  found  in  Dukhun.     It  is  only  worked,  ta 

my  knowledge^  at  Mahabuleshwur,  at  the  source  of  the  Krishna  river.    It 

occurs  as  a  nodular  hematite,  associated^  I  understand  (for  I  have  not  been  at 

the  spot  myself),  with  laterite.   This  ore  produces  the  celebrated  Wootz  steel 

Organic  Remains. 

I  did. not  meet  with  organic  remains  of  any  kind  whatever.  Captain  Coult- 
hardf  in  Sagar,  Major  Franklin  in  Bundelkand,  and  Captain  Dangerfietdia 
Malwa,  were  equally  unsuccessful.  Dr.  Voysey,  indeed,  mentions  a  bed  of 
freshwater  shells  in  a  stratum  of  indurated  clay  near  the  Tapty  river  in  the 
Gawelghur  hills ;  also  at  Medconta,  SOOO  feet  above  the  aea,  on  trap ;  but 
these  may  have  been  recent,  as  he  does  not  say  to  the  contrary^.  Mr.  Colder, 
in  his  general  observations  on  the  Geology  of  India4>  says,  "But  hitherto  the 
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most  striking  pbaenoinenon  in  Indian  geology  is  the  almost  total  absence  of 
organic  remains  in  the  stratified  rocks  and  in  the  diluvial  soil/'  As  this  must 
have  been  written  with  a  knowledge  of  Dr.  Voysey's  paper^  it  being  in  the 
same  volume  with  his  own^  it  is  probable  he  considers  the  shells  recent. 

Thermal  Springs. 

Thermal  springs  do  not  exist  in  Dukhun  within  my  limits ;  but  there  are 
three  distant  localities  in  the  Konkun  below  the  Ghats^  where  hot  water 
gushes  up  from  numerous  crevices  in  trap  rocks  over  an  extensive  surface. 

The  first  is  at  Vizrabhaee,  forty-eight  miles  north  of  Bombay,  where  the  principal  springs  are  in 
the  bed  of  a  river,  and  in  the  monsoon  are  consequently  lost  in  the  swollen  stream ;  but  in  tra- 
versing the  jungle  in  the  vicinity  I  have  met  with  detached  pools  of  hot  water,  which  are  unaffected 
by  the  rains ;  their  temperature  is  very  high.  The  second  locality  is  that  mentioned  by  the  late 
Dr.  White,  of  the  Bombay  army.  The  hot  wells  are  called  Devakl  Unei,  and  are  fifty  miles  south- 
east firom  Surat*,  at  the  foot  of  some  hills ;  the  temperature  in  the  different  springs  ranges  from  111^ 
to  120^  Fahr.  They  are  spoken  of  as  being  in  the  vicinity  of  Anaval  and  Veval,  but  as  these 
places,  agreeably  to  the  map  of  India,  are  only  thirty  miles  firom  Surat,  there  is  evidently  some 
mistake  with  regard  to  the  distance.  The  third  locality  is  at  Mahr,  on  the  Bancoot  or  Fort  Vic* 
toria  river,  about  seventy-five  miles  south  of  Bombay.  I  know  of  these  springs  only  from  report. 
The  whole  of  the  above  springs,  extending  through  3^  of  latitude,  lie  nearly  in  the  same  parallel  of 
longitude  (7d^),  and  are  within  twenty-five  miles  of  the  sea. 

In  a  manuscript  report  to  the  Government  of  Bombay,  on  the  province  of  Khandeish,  Colonel 
Briggs  has  the  following  passage  testifying  to  the  occurrence  of  thermal  springs  above  the  Ghl^ts  : 

*'  Among  the  natural  curiosities  of  Khandeish  are  the  hot  springs  of  the  Satpoora  hills,  particu- 
larly those  of  Soonup  Deo  and  Oonup  Deo,  the  former  in  the  district  of  Arrawud,  and  the  latter 
in  the  deserted  Pergunneh  of  Amba.  The  former  is  so  hot  that  the  hand  cannot  be  borne  in  it ; 
the  latter  is  less  ardent,  and  is  used  as  a  hot  bath ;  they  are  both  said  to  possess  medicinal  quali- 
ties, and  are  considered  usefiil  in  the  cure  of  cutaneous  disorders, — amongst  others  leprosy." 
.  Dr.  Buchanan  speaks  of  hot  springs  at  Rishikunda  and  Bhimband  in  the  trap  mountains  of  Riy- 
mahlf;  and  the  Rev.  Mr.  Everest  mentions  a  thermal  spring  associated  with  a  trap  bed  at  Kat- 
camsan,  between  the  2drd  and  24th  paraUels  of  latitude,  and  longitude  86^  and  87^  j;.  Dr.  Adam 
mentions  that  of  Sitakhund  near  Monghyr  on  the  Ganges  §.  Dr.  Davy  speaks  of  one  at  Cannina, 
Ceylon  || ;  and  I  am  informed  they  are  to  be  met  with  in  Canara.  Mr.  Crow,  formerly  commercial 
agent  of  the  Bombay  Government  in  Sinde,  in  his  manuscript  reports,  mentions  a  thermal  spring  near 
Corachee  on  the  Indus,  of  which  the  water  is  almost  boiling  hot.  In  Major  Cruickshank's  manuscript 
revenue  map  of  part  of  Goojrat  a  hot  spring  is  placed  at  Tooee,  near  Ruttenpoor  on  the  Mhye 
river,  in  latitude  north  22^  49',  and  longitude  east  73^  dO' ;  and  there  is  another  at  Lawsoondra, 
eighteen  miles  west-north-west  of  Tooee.  These  instances,  which  I  am  satisfied  could  be  multi- 
plied by  diligent  inquiry,  afford  ample  proof  of  the  wide  occurrence  in  the  peninsula  of  India  of 
those  singular  phaenomena,  the  satisfactory  explanation  of  the  causes  of  which  is  still  a  desideratum 
in  geology. 
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Volcanic  products  were  not  seen  by  me,  nor  any  conform  at  ion  of  the  hills  that  might  be  deemed 
an  extinct  crater ;  although  the  porcelain  and  ferruginous  clays,  and  the  exterior  coat  of  the  various 
quartz  and  jasper  minerals  indicate  their  having  been  exposed  to  igneous  action.  Captain  Danger- 
field  did  not  meet  with  volcanic  matters  or  craters  In  Malwa  or  the  Vindhya  range,  but  states 
3  tradition  exists  of  the  celebrated  city  of  Oogein,  and  eighty  other  places  having  been  destroyed  at 
a  remote  period  by  a  shower  of  earth  ;  and  the  people  say  that  in  the  Vindhya  range  and  Rajpeeply 
hills  there  arc  hollows  near  their  summits  "eomeiimcs  tilted  with  water,  which  may  be  craters*." 
As  thfl  old  city  of  Oogein  stood  upon  a  river  constantly  overflowing  its  banks,  it  waa  probably 
buried  in  alluvium.  Mr.  W.  Hunter  attributed  its  destruction  to  one  of  three  causes, — earthquake, 
overflowing  of  the  Seeprah,  or  drill  earth  by  high  winds;  and,  atihough  the  least  probable  of  the 
three,  inclines  to  drift  earth.  He  states  there  are  not  any  traces  of  volcanic  agency  in  the  buried 
city,  nor  in  the  neighbourhood  f.  The  remains  of  the  city  of  Mhysir,  on  the  banks  of  the  Nerhuddeh 
(Nermada),  are  found  in  alluvium.  We  may  safely  say,  therefore,  there  are  not  any  indications  of 
volcanic  action  of  a  comparatively  recent  date. 

Extent  of  Trap  Region,  ^c. 
1  will  now  offer  a  few  observations  on  the  amazing  extent  of  the  trap,  b- 
terite,  nodular  limestone,  granite,  and  gneiss  formations  in  the  Peninstilsj 
limiting  their  application  to  35°  of  north  latitude.  My  personal  knowledge 
of  the  country  extends  from  the  sea  on  the  western  side,  to  Arungabad,  in 
75"  33',  and  Sholapoor,  75°  53'  east  longitude  ;  north,  nearly  to  Kandeish,  and 
south,  to  Beejapoor  and  the  Kristna  river.  Captain  Dangerfield  takes  up  the 
country  on  the  north,  nearly  where  my  knowledge  of  it  terminates,  and  says, 
"  It  (Malwa,  including  the  Vintlhya  range)  appears  lo  constitute  the  northern 
termination  of  a  very  extensive  secondary  ti-ap  formation,  which  extends  from 
the  extremity  of  the  Dukhun,  and  probably  even  Mysore,  forming  all  the 
country  above  the  Ghats,  and  part  of  the  plains  below,  on  the  western  side  of 
the  Peninsula,  including  the  islands  of  Bombay,  Salsette,  Elephanta,  &c.;^" 
He  carries  the  continuous  trap  north  to  Neemutch,  in  latitude  24°  S7',  at  1476 
feet  above  the  sea.  Its  western  limit  is  at  Dohud,  longitude74°.  Major  Franklin 
and  Captain  Coulthardtake  it  up  in  the  eastern  limits  of  Malwa,  and  trace  it 
thnnigb  SagBr';~and  it  ajntinties  to  an  unknown  extent  towards  Sohagpoor 
and  the  source  of  the  Nerbuddeh  river,  on  the  table-land  of  Amarabantafa.  in 
lon^tude  88**  east  Dr.  Voysey  describes  it5  eastern  limits  at  Nagpoor,  lati- 
tude Sl^'lO'N..  and  longitude  79'' 14' E.  at  1000  feet  above  the  sea.  Mr.Cal- 
der  states  it  passes  from  Nagpoor  southward  by  the  confines  of  Hyderabad, 
as  low  as  thi  I5tb  degree  of  latitude,  and  taking  a  north-west  direction  termi- 
nates on  the  sea-coast  at  Bancoot  or  Fort  Victoria,  in  latitude  IS°.  But  speci- 
mens of  rock  shown  to  me  from  tbeKolapoor  country  above  the  Ghats,  between 
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the  parallel  of  latitude  16^  and  17^  N.^  bear  testimony  to  the  trap  extending^ 
nearly  a  degree  and  a  half  further  south  along  the  Ghats  than  Mr.  Calder 
supposed.  Indeed  its  southern  limit  in  the  Konkun^  Mr.  Eraser  states  to  be 
at  Malwan^  fifty  miles  north  of  Goa*.  From  the  above  evidence  we  have  proofs 
of  a  continuous  trap  formation  covering  an  area  of  from  SOO^OOO  to  350^000 
square  miles^  a  phenomenon  unexampled  in  any  other  country  whose  geolo- 
gical structure  has  been  examined.  It  appears  to  me^  however^  that  the  above 
are  not  the  absolute  limits  of  the  trap.  Dr.  Buchanan  f  and  Mr.  Jones ;{; 
describe  the  Rajmahl  hills  in  latitude  25^  and  longitude  88^  to  89^  E.  as 
trap;  the  latter  says  the  basalt  is  of  amazing  thickness.  The  Rev.  Mr.  Everest $^ 
in  a  journey  from  Calcutta  to  Ghazipoor^  passed  four  distinct  broad  beds  of 
trap  between  the  parallels  of  north  latitude  S3^  and  24^^  and  longitude  84^ 
and  87^  He  states  these  beds  to  have  an  inclination  to  a  common  axis^  and 
he  thinks  it  probable  they  are  connected  beneath  the  granite  and  gneiss. 
Mr.  Royle  travelling  the  same  route^  observed  the  same  beds.  Mr.  Everest's 
diagram  shows  their  longitudinal  axis  on  a  line  between  the  Rajmahl  hills  and 
the  sources  of  the  Nerbuddeh  and  Soan  rivers ;  and  as  the  trap  of  the  Vindhya 
rang^  and  Sagar  extends  towards  these  sources^  it  is  very  probable  the  rami- 
fications are  connected  with  the  beds  (seen  by  Mr.  Everest)  and  the  Rajmahl 
hills^  forming  a  belt  across  India  from  the  73^  to  the  89^  of  longitude^  ex- 
tending, in  fact,  from  near  the  mouth  of  the  Nerbuddeh  river  to  the  Granges 
at  Rajmahl*  The  southern  limit  of  trap  is  much  lower  than  is  assigned  to  it 
by  Mr.  Calder,  as  Dr.  Voysey  describes  a  basaltic  dyke  at  Seringapatam,  in 
latitude  12^  26';  and  Mr.  Calder  himself  mentions  partial  deposits  of  over- 
lying rocks  as  far  south  as  Cotallum,  at  the  extremity  of  the  great  western 
range,  between  the  parallels  of  latitude  8^  and  9^.  Mr.  Babington,  passing 
through  Mysore,  describes  all  the  black  rocks  he  met  with  as  hornblende  pass- 
ing into  basalt.     He  evidently  adverts  also  to  nodular  basalt||. 

Age  of  Trap. 

With  respect  to  the  age  of  the  great  trap  formation  of  India,  it  would  ap- 
pear from  Major  Franklin's  Memoir  on  Bundelkund,  that  its  northern  ex- 
tremities rest  on  sandstone,  which  he  considers  identical  with  the  new  red 
sandstone  of  England ;  the  trap  would  therefore  be  posterior  to  the  carboni- 
ferous series  and  belong  to  the  supermedial  order.  But  the  Rev.  Mr.  Everest  f 
adduces  valid  reasons  for  questioning  the  correctness  of  Major  Franklin's 
opinion ;  and  it  may  be  inferred,  that  he  is  doubtful  with  respect  to  the  exact 
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equivalent  in  Europe  of  the  Indian  sandstone^  as  it  is  much  associated  with 
the  primitive  rocks  ♦.  In  feet,  where  are  the  oolitic  rocks  above,  and  the  mag- 
nesian  below  the  red  sand,  where  the  rock  salt  and  gypsum,  and  where,  above 
all,  the  characteristic  organic  remains  of  the  lias  and  magnesian  limestone  ? 
It  would  be  idle,  therefore,  to  speculate  on  the  era  of  a  formation  without  a 
standard  of  comparison  to  direct  the  judgement  The  question  of  the  manner 
of  the  formation  of  the  horizontal  beds  of  trap  with  their  vertical  edges  is  very 
interesting.  It  will  be  said  they  were  ejected  under  the  pressure  of  an  incum- 
bent ocean.  If  such  had  been  the  case,  where  are  the  marine  remains,  and 
would  not  there  have  been  sedimentary  deposits  upon  them*  ?  M oveover,  if 
viewed  as  coulees  from  craters,  would  not  the  beds  have  thinned  out,  instead 
of  preserving  the  parallelism  of  their  superior  and  inferior  planes  and  their 

vertical  edges  ? 

Lateriie. 

Laterite  is  a  ferruginous  clay  mottled  red  and  yellowish.  When  first  dug 
from  its  bed,  it  is  soft  and  is  easily  feshioned  into  the  form  of  bricks  or  large 
square  masses  for  building ;  and  if  my  recollection  serves  me  right,  it  consti- 
tutes the  material  of  the  walls  of  the  fort  at  Tellicherry  and  the  jail  at  Calicut. 
It  rapidly  indurates  on  exposure  to  the  atmosphere.  It  is  destitute  of  fossils, 
as  fer  as  is  yet  known. 

That  curious  and  very  extensive  rock,  aptly  denominated  laterite,  (I  learn  from  the  information 
of  a  friend,)  occurs  at  the  source  of  the  Kristna  river  in  latitude  17°  59',  at  an  elevation  of  4500 
feet  above  the  sea.  It  covers  the  low  land  between  the  sea  and  the  great  western  range  from  the 
southern  Konkun  to  Cape  Comorin,  and,  agreeably  to  Dr.  Davy,  passes  into  Ceylon.  I  casually 
observed  it  at  Tellicherry  and  Calicut,  respectively  744  and  756  miles  south  of  Bombay  ;  and  at 
Calicut  granite  rises  through  it.  On  the  low  land  at  the  base  of  the  great  ea^^em  range,  Mr.  Calder 
says  it  reappears  between  the  11°  and  12°  parallels  of  latitude,  and  recurs  in  increasing  patches 
passing  northwards,  covering  granite.  The  Rev.  Mr.  Everest  speaks  of  laterite  forming  a  fringe 
to  great  part  of  the  bay  of  Bengal  and  covering  the  edge  of  the  granite  of  either  peninsula  f. 

Nodular  Limestone, 

In  addition  to  the  evidence  already  adduced  of  the  extensive  occurrence  of 
nodular  limestone^  Dr.  Buchanan  mentions  having  met  with  it  in  Rajmahl 
trap  hills,  in  Bengal,  and  in  Mysore.  A  writer  in  the  ^Gleanings  of  Science' J 
states  that  it  occurred  in  repeated  borings  for  water  in  Calcutta,  at  from  50  to 
1 1 2  feet  below  the  surface.  Another  writer§  says,  it  is  ''s^vy  extensively  distri- 
''  buted  throughout  Hindoostan,"  and  further  asserts  that  it  is  a  ''  most  distin- 
''  guished  feature  of  Indian  geology.''  The  Rev.  Mr.  Everest  and  Mr.  Royle 
remarked  it  in  their  journey  before  adverted  to.     The  few  organic  remains 

*  Gleanings  of  Science,  vol.  iii.  p.  213.  f  Ibid.,  vol.  iii.  p.  \S5, 

X  Ibid.,  vol.  i.  p.  1G9.  §  Ibid.,  vol.  i.  p.  3G5. 
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hitherto  found  imbedded^  belong  to  living  species.    The  following  is  the  ana- 
lysis of  '*  Kankar  "*  (nodular  limestone)  by  Mr.  Prinsept- 

Water  of  absorption    1*4 

Carbonate  of  lime    72*0 

Carbonate  of  magnesia    0*4 

Silex 15-2 

Alumine  and  oxide  of  iron     1 1  '0 

100-0 

Kunkur^  or  nodular  limestone^  has  been  likened  to  the  cornbrash  of  the  En- 
glish strata ;  but  its  geological  position  (principally  superficial)^  and  the  absence 
of  characteristic  fossils^  present  insuperable  objections  to  their  identity. 

Chranite. 

The  late  I)r.  Voysey  states,  that  he  '^  had  reason  to  believe^  partly  from  per- 
^*  sonal  observation  and  partly  from  specimens  obtained  from  other  sources^ 
''  that  the  basis  of  the  whole  peninsula  of  India  is  granite ;  he  had  traced  it 
'^  along  the  coast  of  Coromandel,  lying  under  iron  clay  (laterite) ;  also  in  the 
''bed  of  the  Godavery  river,  from  Rajamahendri  to  Nandair;  and  he  had 
'^  specimens  from  the  base  of  the  Sitabaldi  hills  of  Nagpoqr,  from  Travankur, 
^'  Tinnevelli,  Salem,  and  Bellari."  Mr.  Stirling  in  his  memoir  on  Cuttaek  says, 
''  The  granite  where  my  specimens  were  principally  collected  appears  to  burst 
through  an  immense  bed  of  laterite  (iron  clay)  rising  abruptly  at  a  consider- 
able angle;];/'  Major  Franklin  adds  to  the  above  quotation^  *'  the  plains  of 
Bundelkhund  attest  that  granite  is  there  the  basis  rock/'  Ceylon  is  exclu- 
sively granite  and  gneiss  ;  finally,  I  observed  granite  rising  through  laterite 
at  Calicut  on  the  Malabar  coast.  With  these  facts  before  us,  we  can  scarcely 
question  the  truth  of  Dr.  Yoysey's  opinion  ;  an  opinion  involving  the  belief, 
with  reference  also  to  the  extent  of  trap,  that  the  whole  peninsula  of  India 
and  Ceylon,  covering  an  area  roughly  calculated  of  700,000  square  miles,  is 

of  igneous  origin. 

Sedimentary  Rocks. 

I  am  not  aware  of  the  existence  of  any  sedimentary  rocks  in  Western  India, 
south  of  Baroach,  excepting  such  as  have  probably  originated  in  the  conso- 
lidation of  comparatively  recent  alluvium. 

Recapitulation. 

I  close  this  paper  with  a  recapitulation  of  the  characteristic  geological  fea- 
tures of  the  peninsula  ;  namely, — the  amazing  extent  of  the  trap  region,  and 
the  horizontal  position  of  its  stratified  beds     the  granitic  basis  of  the  whole 

*  Properly  Kunkur.  t  Gleanings  of  Science,  vol.  i.  p.  278. 

{  Phys.  Class,  Asiatic  Researches,  p.  97. 
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eomntrj ;  tnp  Tcias  ta  granite ;  the  absence^  as  fiv  as  b  kaoira,  of  iIhI 
fona  series  of  rocks  which  eoostitiites  the  forantions  of  Europe ;  the 
aad  peculiar  oodolar  limestone  and  bterite  format innt ;  the  occurrence  of 
puhremlent  limestone  in  seams ;  and  finaOj^  the  non-discoTerjr  hitherto  of  the 
fossil  remains  of  extinct  animals  within  the  limits  of  the  Peninsola. 

Ltrndam, 
Jamuny  21sl,  1833. 


A  few  words  are  necessary  in  ezpbnation  of  the  sections  which  acoompaa  j 
this  paper.  They  r^resent  two  principal  spurs  from  the  Ghats^  and  con- 
verge to  the  same  point  at  the  jaoctioo  of  the  Goreh  and  Beema  riren.  la 
strictness  they  are  not  sections ; — ramifications  of  the  spurs^  and  hills  at  short 
distances  north  and  south  of  die  central  Tertical  plane  being  inserted :  they  par- 
take, therefore,  of  a  slightly  perspecti? e  character,  but  this  does  not  affect  the 
general  correctness  of  their  geobgical  features.  Fig.  1 .  comprises  the  range 
of  hills  brtween  the  Under  and  Beema  rivers,  and  has  a  length  of  about 
serenty-fif  e  miles.  Fig.  8.  shows  the  mountains  between  the  Bore  Ghat  and 
the  source  of  the  Mota  rirer,  and  extends  neariy  eighty  miles.  The  length 
and  elevation  are  expreised  by  different  scales,  and  from  this  cause  the  out- 
lines of  the  mountains  are  not  rigidly  correct.  A  bare  outline  is  traced  from 
the  Ghits  westward  to  the  sea,  for  the  purpose  of  showing  the  curious  forms 
of  the  weathered  basaltic  caps  and  ridges  of  the  mountains  in  the  Konkun. 

The  elevations  were  determined  either  barometrically^  or  thermometrically. 
Those  marked ''B."  are  barometrical,  and  result  from  simultaneous  observations 
with  previously-compared  barometers ;  all  the  necessary  corrections  having 
been  applied,  for  temperature,  moisture,  and  latitude.  Those  marked  '' W." 
were  obtained  by  ascertaining  the  boiling-point  of  water  at  different  eleva- 
tions with  delicate  thermometers  :  they  are  not  to  be  relied  upon  within  100 
feet,  although  in  some  instances,  when  tested  by  barometrical  measurements, 
they  corresponded  within  a  few  feet. 

Of  the  Panoramic  Sketches,  Plate  XXVIl.  No.  1.  is  a  distant  view  of  the  mountains,  on 
which  are  situated  the  celebrated  hill  forts  of  Jewdun,  Hurreechundurghur,  Koonjurgbur,  and 
Scwncir,  in  which  Sewajee,  the  founder  of  the  Mahratta  empure,  was  born.  It  is  taken  from  thf 
hill  N.  of  the  town  of  Goreh. 

No.  2.  is  a  view  of  the  hills,  to  the  North  and  East,  as  seen  from  Lakungaon  in  the  flat  broad 
valley  of  Jooncir  (Scwneir). 

No.  2*.  is  a  continuation  of  the  view  No.  2.,  from  the  N.  round  to  the  West. 

No.  3.,  a  sketch  of  the  hills,  to  the  North  and  East,  as  seen  from  the  summit  of  the  armoury, 
in  the  fort  of  Ahmednuggur. 

No.  4.  is  a  sketch  of  the  northern  flank  of  the  plateau,  or  which  the  city  of  Ahmednuf^n-ur  stands ; 
as  seen  from  Wamooree,  in  the  plain  of  the  Godavery  river. 


VIIL — On  the  Geology  of  the  Environs  of  Bonn. 
By  LEONARD  HORNER,  Esq.,  F.R.SS.  L.  &  E.,  FG.S. 

[Read  March  13,  18dd.*] 

X  HE  district  about  to  be  described  lies  on  the  Rhine^  from  the  mouth  of  the 
Sieg,  below  Bonn,  to  the  town  of  Linz,  a  distance  of  about  eighteen  English 
miles,  and  extends  nearly  five  miles  inland,  on  both  sides  of  the  river. 

A  short  way  above  Bonn  the  Rhine  leaves  the  monntainous  land,  through 
which  it  has  flowed  with  little  interruption  from  its  source,  and  enters  a  vast 
plain  that  extends  to  the  North  Sea,  the  nearest  shore  of  which  is  about  a 
hundred  and  thirty  miles  distant. 

The  SiEBENGEBiRGE,  or  Scven  Mountains,  are  the  grand  feature  in  the 
district,  and  constitute  a  group  of  hills,  of  very  graceful  forms,  on  the  right 
bank  of  the  river*  Looking  down  from  one  of  their  higher  summits,  one  sees 
a  numerous  assemblage  of  conical  hills  and  connecting  ridges;  but  when 
viewed  from  a  distance,  and  in  certain  positions,  seven  peaks  rise  conspicu- 
ously above  the  rest,  and  hence  the  group  has  received  its  name.  Of  these, 
the  most  remarkable,  as  well  from  its  individual  form  as  from  its  fame  in 
legendary  story,  is  the  Drachenfels,  with  a  ruined  castle  on  its  summit.  But 
the  Oehlberg  is  the  highest  point,  being  1369  English  feet  above  the  level  of 
the  sea,  or  1209  above  the  Rhine,  the  surfiice  of  which  at  Konigswinter,  a 
small  town  at  the  foot  of  the  Drachenfels,  is,  at  its  mean  height^  160  feet  above 
the  seaf .    (A  table  of  the  principal  heights  wiU  be  found  in  the  Appendix  X.) 

The  Siebengebirge  and  adjacent  country  have  been  described  with  more  or 
less  detail  by  several  eminent  geologists  of  Germany.  The  earliest  memoir 
on  the  volcanos  of  this  district  is  probably  that  of  '^  Bartholomjsus  Hempel- 
MANN  und  JoH.  WiLH.  MuENSTER,  Uebevbleibsel  erloschener  VuUcane  in 
einigen  Gegenden  des  Niederrhdns."  Bonn,  1785.     There  is  a  very  copious 

*  Between  the  reading  and  the  printing  of  this  paper,  an  interval  of  three  years  has  elapaed, 
and  daring  that  time  some  new  facts  have  come  to  my  knowledge,  both  from  my  own  observations, 
and  from  those  of  other  geologists,  which  will  be  found  in  an  Appendix,  p.  472. — Marck^  1856. 

t  By  the  barometrical  measuremenu  of  Professor  Bensenberg  of  Dusseldorf,  in  \Sft4i. 

X  Appendix  I.  p.  472. 
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work  by  Nose*^  which  was  published  in  1789^  and^  considering  the  time  when 
it  was  written^  it  possesses  great  merits  and  evinces  minuteness  of  obser- 
vation. Professor  Noggerathf  of  Bonn  has  described  some  of  the  more 
remarkable  features  of  the  district^  and  Messrs.  Von  Oeynhausen  and  Yon 
Dechen;[;  have  given^in  a  periodical  Journal^  a  general  view  of  what  Nose, 
Noggerathf  Steininger$,  and  others  had  written,  adding  many  original  ob- 
servations ||.  But  to  the  geologists  of  England  this  remarkable  district  is  little 
known ;  it  is,  however,  particularly  deserving  of  their  attention,  for,  diver- 
sified as  is  the  mineral  structure  of  the  British  isles,  nothing  analogous  to 
it  occurs  in  them ;  and  it  afibrds  this  further  attraction,  that  the  Siebenge- 
birge  and  the  neighbouring  country  of  the  Eifel  are  the  nearest  points  to 
England  where  volcanic  phenomena,  at  all  approaching  in  character  to  those 
of  modem  times,  can  be  seen.  Those  who  are  desirous  of  studying,  on  the 
spot,  the  efi*ects  of  volcanic  action,  by  availing  themselves  of  the  facilities  of 
>8team  navigation,  may,  with  great  ease,  in  six  days  from  leaving  London, 
reach  the  Mosenberg  in  the  Upper  Eifel,  and  there  stand  by  the  side  of  a 
stream  of  lava,  and,  although  the  fires  have  been  long  extinguished^  on  the 
edge  of  a  crater  covered  with  cinders.  Nor  is  it  to  be  forgotten,  that  these 
numerous  objects  of  geological  interest  present  themselves  in  a  country 
renowned  for  the  charms  of  its  natural  scenery  and  historical  associations. 

I  have  deposited  in  the  museum  of  the  Society  a  suite  of  277  specimens  in 
illustration  of  this  paper,  with  a  descriptive  catalogue.  The  accompanying 
Map  has  been  coloured  in  part  from  my  own  observations ;  but  as  far  as  the 
Siebengebirge  are  concerned,  it  is,  with  a  few  alterations  which  I  have  seen 
occasion  to  introduce,  a  copy  of  one  communicated  to  me  by  Professor 
Noggerath,  and  which  he  kindly  permitted  me  to  make  use  of.  In  a  coun- 
try so  covered  with  a  luxuriant  vegetation  as  this  is,  one  cannot  say  that  the 
boundary  linesof  the  difierent  formations  are  exact1I,or  that  all  the  phaenomena 
which  bear  upon  the  geological  history  of  the  country  have  been  discovered; 
future  observers  will  probably  see  reason  to  make  alterations  in  these  boun- 
daries, and  I  have  no  doubt  that  much  remains  to  reward  further  researches. 

From  my  learned  friends  Professors  Goldfuss  and  Noggerath  I  derived 

*   Orographische  Briefe  iiber  das  Siebengebirge ^  &c.,  2  vols.  4to. 
f  Das  Gebirge  in  Rheinland-Westphaleny  4  vols.,  1822 — 182G. 
X  Hertha,  12th  vol.,  1828.  " 

§  Die  erloschenen  Vulkane  in  der  Eifel,  und  am  Niederrheinc,  1  vol.  8vo,  1820 ;  and  Neuc  Bet- 
trdge  zur  Geschichte  der  Rheinischen  Vulkane,  1821. 

II  Professor  Noggerath  is  now  engaged  in  preparing  a  full  account  of  the  Siebengebirge. 
%  See  Appendix  II.  p.  472. 
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tnuch  assistance  in  the  course  of  my  inquiry,  not  only  in  conversation,  but 
also  by  the  liberality  with  which  they  laid  open  to  me  the  valuable ,  col- 
lections in  the  museum  of  the  University  udder  their  charge.  I  am  further 
much  indebted  to  the  kindness  of  the  Count  von  Beust,  President  of  the 
Council  of  Mines  in  the  Prussian  Rhenish  Provinces,  who  made  the  exten- 
sive geological  library  and  the  documents  belonging  to  that  establishment 

freely  accessible  to  me. 

General  Structure. 

The  lowest  and  the  prevailing  sedimentary  deposit  of  the  district  is  graur 
wacke,  both  in  the  form  of  sandstone  and  of  slate,  a  continuation  of  the  same 
formation  which  covers  so  great  an  extent  of  country  in  the  Lower  Rhine  and 
in  the  Eifel ;  but  here  no  limestone  beds  are  associated  with  it.  None  of  the 
Jater  secondary  strata  occur,  and  the  grauwacke  is  covered  unconformably  by 
a  deposit  of  the  tertiary  period,  consisting  of  a  series  of  beds  of  sand,  sand- 
stones, clays,  and  lignites,  which  collectively  constitute  a  brown-coal  forma- 
tion. This  is  covered  by  an  extensive  bed  of  gravel,  and  above  the  gravel  is 
a  loosely  coherent  sandy  loam,  containing  terrestrial  and  aquatic  shells  of  ex- 
isting species,  called  in  the  Rhine  valley  by  the  technical  name  of  Loess,  From 
under  the  grauwacke  a  variety  of  unstratified  rocks  have  been  erupted,  con- 
sisting of  various  kinds  of  trachyte  and  trachyte  tuff,  basalt,  diolerite,  and 
other  modifications  of  trap ;  and  in  one  place  volcanic  scoriae.  The  main 
body  of  the  Siebengebirge  is  composed  of  these  unstratified  rocks. 

The  structure  of  the  Siebengebirge  was  long  considered  to  be  different  in 
its  character  from  that  of  any  other  group  in  Germany ;  and  it  is  so  with 
the  exception  of  two  analogous  formations,  the  one  in  Nassau,  near  Monta- 
baur,  lately  described  by  Stifft*;  the  other  not  far  from  Gratz  in  Styria,  of 
which  an  account  was  published  by  M .  von  Buchf  in  1820 ;  and  by  Dr.  Dau- 
beny  in  1826;];.  It  is  remarkable  that  the  trachyte  of  Nassau  had  not  been 
previously  examined  by  geologists :  it  is  accompanied,  as  in  the  Siebengebirge, 
by  trachyte  tuff  and  phonolite,  and  rises  in  the  midst  of  a  basaltic  district  of 
vast  extent,  connected  with  that  of  the  Westerwald.  Professor  M itscherlich 
visited  that  part  of  Nassau  in  1832,  and  I  saw  him  just  after  he  had  been 
there.  He  described  the  trachyte  as  covering  a  space  quite  as  great  in  extent 
as  the  Siebengebirge,  but  not  forming  such  elevated  hills,  the  trachyte  out- 
bursts rarely  exceeding  a  very  moderate  elevation  above  the  surface*  In 
texture  they  very  much  resemble  those  of  the  Siebengebirge,  and,  like  thero^ 
present  various  modifications  of  the  constituent  parts. 

*  Geognostiche  Beschreibun^  des  Herzogthums  Nassetu,  ISdl. 
f  Ueber  einige  Berge  der  Trap  Formation  bet  GrdU. 
X  Description  of  Active  and  Extinct  Volcanos. 
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I  shall  first  describe  the  several  formations  in  detail^  in  the  following 
order:  Grauwacke^  Trachyte,  Trachyte  TufF,  Basalt,  Brown-Coal  For- 
mation, Loess ;  and  shall  then  point  out  their  several  relations  to  each  other, 
drawings  such  conclusions  as  to  their  several  ages,  and  the  geological  history 
of  the  district,  as  the  facts  appear  to  me  to  warrant. 

Chrauwacke. 

This  rock  varies  considerably  in  mineral  character,  sometimes  occurring  as 
a  fine-grained  clay  slate,  not  distinguishable  from  that  of  Westmoreland ;  in 
others,  as  a  coarse  red  sandstone,  very  like  some  beds  of  the  old  red  sandstone 
of  Herefordshire  and  Shropshire.  Although  1  found  no  opportunities  of 
forming  a  decided  opinion  on  the  subject,  it  is  probable  that  the  prevailing 
rock  in  the  neighbourhood  of  the  Siebengebirge  belongs  to  the  later  periods  of 
the  grauwacke  deposit.  At  Dottendorf,  on  the  left  bank  of  the  Rhine,  about 
two  miles  from  Bonn,  there  are  beds  of  it  of  a  loose  texture  containing 
rounded  pebbles  of  slate,  with  numerous  vegetable  impressions,  which,  in  spe- 
cimens, might  be  taken  for  a  sandstone  of  the  coal-measures.  These  impres- 
sions are  too  indistinct  in  form  to  enable  one  to  pronounce  upon  their  nature  ; 
they  are  black,  and  when  exposed  to  heat  the  blackness  disappears.  Impres- 
sions of  Terebratulae  and  the  stalks  of  Encrinites,  although  abundant  in  the 
grauwacke  of  the  adjoining  country,  are  not  very  common  within  this  district 
They  are  found  in  that  near  Rhondorf,  and  in  the  neighbourhood  of  Unkel. 
In  some  places  it  contains  anthracite ;  and  I  was  informed  by  Mr.  A.  L.  Sack 
that  at  Bruckhausen  six  difierent  beds  of  it  were  found,  one  of  which  was  a 
foot  thick,  but  they  were  not  continuous. 

The  strata  are  generally  highly  inclined,  but  they  are  found  at  all  angles. 
There  is  neither  uniformity  in  the  strike  nor  in  the  dip,  but  the  former  is 
most  generally  trom  north-east  to  south-west,  and  the  dip  more  frequently 
south  than  north.  In  the  immediate  neighbourhood  of  the  Siebengebirge  the 
strata  are  thrown  up  in  all  directions,  which,  at  first  sight,  might  be  thought 
to  be  caused  by  the  eruption  of  the  volcanic  matter;  but  there  are  great  de- 
rangements of  the  grauwacke  in  the  Eifel  and  Westervvald,  at  a  distance  from 
igneous  rocks.  Sudden  variations  in  the  strike  and  dip,  the  latter  from  ver- 
tical to  horizontal,  (if  I  may  so  speak  of  dip,)  may  be  well  observed  between 
Unkel  quarry  and  Remagen,  and  on  the  opposite  side  of  the  Rhine  between 
Erpel  and  Orsberg. 

The  extent  occupied  by  the  grauwacke  will  be  seen  by  an  inspection  of  the  accompanying  Map. 
It  flanks  the  volcanic  region  of  the  Siebengebirge  on  the  east  and  south,  and  appears  in  detached 
spots  on  its  western  side,  but  it  is  wholly  wanting  on  the  north.  On  the  left  bank  of  the  river  it 
constitutes  the  ridge  from  Remagen  to  Rolandswerth,  but  it  is  partially  covered  by  the  brown-coal 
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formatioii  and  by  loett  between  these  places ;  and  from  Rolandseck  northward,  it  is  covered  by  the 
brown-coal  fonnation^  except  in  a  few  places  on  the  eastern  side  of  the  elevated  plateau  that  runs 
from  Rolandseck  in  a  north-west  direction;  as  at  Muffendorf,  Friesdorf,  Dottendorf,  and  Kessenich, 
in  all  which  places  it  appears  in  highly  inclined  strata. 

Trachyte. 

There  are  several  varieties  of  this  rock.  Glassy  felspar  is  the  chief  ingre- 
dient in  all,  mixed  with  hornblende^  occasionally  augite,  quartz,  magnetic 
iron,  and  sometimes,  but  rarely,  mica.  Distinct  crystals  of  glassy  felspar, 
often  of  great  size,  are  imbedded  in  the  base  of  most  of  the  varieties.  The 
different  aspects  which  the  rock  presents  depend  mainly  on  the  felspar  of  the 
base  being  largely  crystalline  or  small  granular,  upon  the  proportion  of  horn- 
blende and  size  of  its  crystals,  upon  the  size  and  proportion  of  the  separate 
imbedded  crystals  of  felspar  and  hornblende,  and  upon  the  colours  im|)arted 
by  the  different  states  of  the  iron  which  enters  into  the  composition  of  all. 
Some  varieties  are  also  produced  by  the  felspar  being  decomposed. 

The  places  where  the  trachyte  can  be  studied  to  most  advantage  are  on  the  Drachenfelsi  the  Wol- 
kenburg,  and  the  Stenzelberg,  especially  the  two  latter,  where  there  are  extensive  quarries.  The 
trachyte  of  the  Drachenfels  is  one  of  the  most  remarkable  varieties '/  it  is  a  gray  stone,  with  a  cry- 
stalline base  of  felspar,  and  minute  crystals  of  hornblende,  including  separate  crystals  of  felspar, 
often  more  than  two  inches  long  and  an  inch  and  a  half  in  diameter.  It  has  been  for  ages  used  as  a 
buUding*stone,  and  is  upon  the  whole  very  durable,  except  that  the  separate  crystals  of  felspar  are 
apt  to  fall  out.  The  Cathedral  of  Cologne  is  built  of  it.  The  trachyte  of  the  Stenzelberg  contains 
more  hornblende,  and  has  few  imbedded  crystals  of  felspar ;  but  those  of  hornblende  often  occur, 
and  are  sometimes  of  a  great  size.  In  some  places  there  are  portions  of  the  rock,  separated  by  sharp 
Knes  from  the  rest  of  the  mass,  of  a  dark  fine-grained  texture,  so  as  to  look  like  included  fragments 
of  basalt;  but  it  is  probable  that  they  are  fragments  of  slate,  altered  by  the  heat  of  the  melted  tra- 
chyte, as  there  are  other  similar  portions  about  whose  origin  there  can  be  no  doubt,  the  slaty  struc- 
ture being  quite  distinct.  In  the  quarry  of  the  Stenzelberg  a  face  of  rock  about  sixty  feet  in  height 
is  exposed :  it  is  divided  by  vertical  rents  into  large  tabular  masses  of  irregular  forms,  and  in  some 
places  they  are  rounded,  standing  out  like  the  stems  of  gigantic  trees,  the  rock  separating  into 
curved  layers  parallel  to  the  axis,  a  tendency  to  exfoliation  which  is  often  observable  in  small 
specimen^.  This  appearance  has  been  particularly  described  by  Professor  Noggerath*,  and  Pro- 
fessor €k>ldfuss,  in  his  Geognostiche  Tafeln,  has  given  a  print  representing  the  face  of  the  quarry 
at  thai  time :  it  is  now  a  good  deal  altered,  and  the  appearance  of  exfoliation  on  the  great  scale  is 
at  present  not  so  marked  as  it  is  in  the  print.  The  trachyte  in  the  upper  part  of  the  quarry  is  vesi- 
cular, and  it  resembles  the  lava  stream  which  is  quarried  for  millstones  at  Nieder  Mendig  near  the 
Laacher  See;  so  much  so,  as  to  suggest  the  idea  that  the  latter  owes  its  origin  to  a  melted  trachyte. 
Mr.  Lyell,  who  visited  this  place  with  me,  remarked  the  great  resemblance  of  the  trachyte  to  the 
rock  quarried  above  the  Plateau  de  FAigle,  not  far  from  the  baths  of  the  Mont  Dor  in  Auvergne. 
The  trachyte  of  the  Wolkenburg  resembles  that  of  the  Stenzelberg,  including,  although  more  rarely, 
large  separate  crystals  of  hornblende,  and  occasionally  large  masses  of  quartz.     It  often  contains 


*  Dat  Gebirge  in  Rheinland-Westphalenf  iv.  350, 
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calcareous  spar,  lining  cavities,  and  in  well-defined  crystals.  Here,  also,  a  lofty  face  of  rock  is  ex-^ 
posed  in  the  quarry,  exhibiting  the  trachyte  in  large  vertical  tabular  masses,  without  apparent  crosf 
joints,  although  these  exist,  as  the  rock  separates  easily  into  huge  blocks  by  natural  fissures.  It  is 
for  the  roost  part  of  a  light  fawn  colour ;  but  when  the  large  masses  are  broken  they  show  a  bluish 
gray  nucleus,  such  as  is  oflen  seen  in  trap  rocks.  The  one  colour,  however,  does  not  always  gra- 
duate into  the  other ;  on  the  contrary^  there  is  sometimes  a  sharp  line  between  them,  and  at  the 
separation  the  trachyte  is  of  a  vitreous  texture.  I  observed  the  same  thing  in  the  trachyte  of  the 
Keilsbrunnen  quarry,  with  a  tendency  to  globular  decomposition.  One  of  the  most  remarkable 
varieties  of  trachyte  is  that  of  the  Perlen  Hardt,  on  the  eastern  side  of  the  group.  I  nowhere  found 
such  large  imbedded  crystals  as  here,  but  they  are  extremely  brittle,  and  consequently  good  spe- 
cimens are  not  easily  obtained*.  The  base  is  much  decomposed,  the  felspar  being  in  some  places 
changed  into  a  bright  red  earth  :  it  contains  small  yellow  crystals  of  sphene.  At  the  Rosenau  there 
is  a  variety  containing  augite ;  I  obtained  a  specimen  at  this  place  with  a  separate  well-defined 
crystal  of  that  mineral ;  and  close  to  this  spot  I  found  a  sudden  change  into  a  variety  with  large 
imbedded  crystals  of  felspar,  like  that  of  the  Drachenfels,  a  circumstance  which,  like  many  others, 
shows  under  how  many  different  forms  the  same  materials  may  issue  from  a  volcanic  focus.  At 
the  Klein  Rosenau  there  occurs  a  variety  of  a  light  gray  colour,  very  compact,  with  a  conchoidal 
fracture  and  ringing  sound,  a  phonolite,  composed  of  felspar  and  quartz,  without  any  hornblende 
or  other  ingredient ;  and  it  passes  into  another  kind  of  a  light  fawn  colour,  still  more  compact,  in 
which  the  quartz  predominates  almost  to  the  exclusion  of  the  felspar,  being  infusible,  while  the 
gray  variety  is  readily  acted  upon  by  the  blowpipe  :  the  latter  is  in  some  places  of  a  bright  pale 
green,  apparently  from  an  admixture  of  iron,  and  contains  chalcedony,  hyalite,  and  veins  of  ferru- 
ginous opalf. 

The  Hummerich,  the  Mittelberg,  and  the  Bruder-Kunzberg  are  three  conical  hills,  which  rise 
out  of  an  elevated  plateau  of  grauwacke  at  some  distance  to  the  south  of  the  main  group  of  the 
Siebengebirge.  They  are  composed  of  trachyte,  but  of  a  kind  bearing  a  strong  resemblance  to 
some  varieties  of  trap,  particularly  that  of  the  Mittelberg  and  Bruder-Kunzberg.  It  is  of  a  gray 
colour,  has  a  much  smaller  proportion  of  distinct  crystals  of  felspar  and  hornblende,  and  has  some- 
what of  a  foliaceous  structure.  At  the  Hummerich  it  is  rudely  columnar,  and  has  a  tendency  to 
globular  decomposition :  at  the  foot  of  the  same  hill  it  has  the  character  of  an  amygdaloid. 

The  affinity  between  trachyte  and  the  trap  family  has  been  pointed  out  by 
many  geologists ;  long  ago  by  M .  von  Buch  in  his  admirable  essay  on  Trap  Por- 
phyry;!;. ^^  ^'^^  Siebengebirge  it  would  be  easy  to  form  a  suite  of  specimens, 
showing  a  gradation  from  a  white  trachyte  to  a  compact  black  basalt.  The 
analogy  is  further  seen  by  the  columnar  form  and  tendency  to  globular  de- 


*  Lavas,  which  probably  belong  to  a  much  more  modern  period  than  these  rocks,  contain  fel- 
spar crystals  of  great  size.  In  his  description  of  the  Ponza  Isles,  Mr.  Poulett  Scrope  says,  "  I  met 
"  with  some  felspar  crystals  nearly  three  inches  in  diameter,  and  these  are  accompanied  bv  au^Mte, 
"  bearing  the  same  proportion  to  them  in  size  as  the  ordinary  minute  grains  to  the  common-sized 
"  felspar." — Geological  Transactions,  Second  Series,  vol.  ii.  p.  215. 

t  Mr.  Poulett  Scrope  in  the  same  Memoir,  describes  a  siliceous  irachytCy  which  appears  from 
the  description  to  be  very  similar  to  the  rock  found  at  tlic  Klein  Rosenau. — Geolofncal  Trans- 
actions, Second  Series,  vol.  ii.  pp.  i?01,  208,  214,  220. 

\  Transactions  of  the  Royal  iXcademy  of  Berlin,  1812. 
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composition.  Near  the  Thier  Garten/  north  of  the  Stenzelberg^^  there  is  a 
variety  of  trachyte  scarcely  distinguishable  from  the  base  of  an  earthy  amyg- 
daloid ;  and  I  found  a  block  at  the  foot  of  the  Drachenfels,  of  a  green  colour^ 
very  like  some  kinds  of  serpentine.  Nor  is  this  intimate  connexion  between 
these  two  classes  of  unstratified  rocks  different  from  what  might  naturally  have 
been  expected  to  happen^  for  the  materials  of  both  exist  in  the  same  spot ; 
variations  in  the  proportions  of  these  not  very  numerous  ingredients^  in  the 
degrees  of  heat  to  which  they  were  exposed^  in  the  circumstances  under 
which  they  cooled,  would  perhaps  account  for  all  the  shades  of  difference 
we  meet  with.  M,  Von  Buch  states  in  the  memoir  above  quoted,  that 
when  trachyte  passes  into  a  black  substance,  the  felspar  and  hornblende 
have  disappeared,  and  olivine  and  augite  have  taken  their  places.  Much 
light  has  been  thrown  on  this  subject  by  the  interesting  experiments  of 
Mr.  G.  Rose*,  who  has  shown  how  intimately  hornblende  and  augite  are 
connected :  he  obtained  artificial  crystals  of  the  forms  of  augite  by  fusing 
hornblende;  and  he  conceives  that  hornblende  may  be  formed  by  slow, 
and  augite  by  rapid  cooling.  Such  gradations  show  how  necessary  it  is  to  be 
cautious  in  drawing  geological  inferences  from  mere  mineralogical  variations, 
and  that  in  giving  new  names  to  rocks  merely  on  account  of  such  differences, 
much  confusion  and  error  may  be  introduced.  Notwithstanding,  however, 
this  connexion  between  the  trachyte  and  basalt  of  this  district,  the  basalt  ap- 
pears to  have  been,  if  not  entirely,  at  least  in  great  part,  erupted  at  a  distinct 
and  later  period,  and  I  have  not  discovered  any  evidence  of  trachyte  having 
been  again  ejected  after  the  basalt  had  begun  to  flowf . 

There  is  only  one  place  where  I  have  seen  the  trachyte  in  the  form  of  a 
dike  or  vein,  and  I  have  not  been  able  to  learn  that  it  is  so  met  with  in  any 
other  spot.  This  dike  crosses  the  road  from  the  Lbwenburg  Tranke  to  the 
Perlen  Hardt.  It  is  about  five  feet  wide,  and  is  much  decomposed,  but  the 
fresher  parts  resemble  the  trachyte  of  the  Perlen  Hardt.  It  traverses  a  tra- 
chyte tuff,  containing  hard  masses  of  trachyte  and  fragments  of  slate. 

*  Leonhard  and  Bronn*8  Jahrbuchfiir  Mineralogie,  &c.,  1832,  p.  237. 

f  Among  the  volcanic  rocks  of  the  Siebengebirge  are  varieties  whose  constituent  parts  are  as 
largely  crystalline  as  any  granites  that  have  been  met  with.  Von  Buch  states  that  in  several  places 
in  the  neighbourhood  of  Clermont  and  Puy  de  Dome,  a  transition  from  granite  into  trachyte  may 
be  traced,  and  thus  we  have  the  gradation  extended  from  granite  to  basalt.  Dr.  Hibbert  de- 
scribes a  gradual  transition  from  basalt  into  granite  in  the  Shetland  Islands.  (Brewster's  Edinburgh 
Journal  of  Science',  i.  107.)  Speaking  with  Professor  Mitscherlich  about  the  large  imbedded 
crystals  of  the  Drachenfels  and  Perlen  Hardt,  he  remarked  to  me,  that  in  a  mass  which  is  only 
viscid,  crystals  will  be  formed,  but  that  it  requires  a  very  long  time ;  that  felspar  becomes  viscid 
at  a  comparatively  moderate  heat,  but  that  it  requires  a  very  high  temperature  to  make  it  flow. 
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The  subatances  whicb  in  Hungary  and  Central  Prance  accompany  trachytej 
viz.  pitchstone,  obsidian,  pearlstone,  and  pumice,  do  not  occur  in  tbe  Siebenge- 
birge,  tf  we  except  some  portions  of  the  latter  that  are  met  with  occasionally 
in  the  trachyte  tuff.  It  has  in  no  instance  flowed  as  a  stream,  nor  do  any  of 
tbe  hills  in  tbe  Siebengebirge  show  any  signs  of  a  crater. 

Tbe  ground  is  >o  covered  iriih  vegetation  th&t  it  is  very  rarely  that  the  different  rocks  «n  be 
seen  in  contact.  In  (ne  place  only  have  I  been  able  to  discover  the  tradiyte  and  graowacke  U^ 
gether:  thia  is  behind  the  village  of  Rhondorf,  at  the  Bruckersberg,  where  trachyte  rises  under  gran* 
nacke  strata,  inclined  at  a  high  angle,  bent  and  broken,  and  both  are  covered  by  a  thick  nnstratified 
mass  of  loess.     The  trachyte  is  much  decomposed,  but  at  a  short  distance  it  is  tolerably  freah. 


Tmliytc 


When  the  water  in  the  Rhine  b  low,  trachyte  rocks  may  be  seen  stretching  from  the  foot  of  tbe 
Dracbenfels  a  considerable  way  across  the  river ;  but  it  has  not  been  found  in  any  part  of  this 
district  on  ihe  ieR  bank  of  the  Rhine,  except  at  Borkum,  about  three  miles  west  by  south  of  Meb> 
lem:  there  it  is  ofa  grayish  white  colour,  is  composed  of  white  felspar  and  minute  portions  of  green 
hornblende,  with  imbedded  crystals  of  glassy  felspar.  It  forms  a  small  hill,  surrounded  on  sit 
sides  by  graunacke  slate,  but  the  junction  cannot  be  seen*. 

Trachyte  Tuff. 
A  considerable  part  of  the  Siebengebirge  is  covered  with  a  tuff-|"  consisting 
of  angular  fragments  of  trachyte,  generally  in  an  earthy  slate,  especially  as 


■  Von  Oeynhausen  and  Von  Dechen,  in  Hrrtha,  \'\'\.  432. 

■|-  I  adopt  the  term  irachyle  Ivff  in  preference  to  that  of  conglomcrale,  by  which  it  is  usually 
called  by  the  German  geologists,  because,  in  Kngland,  conglomerate  would  generally  be  under- 
stooil  to  mean  a  congeries  of  water-worn  fragments  of  various  substances. 
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reg;ard8  the  fekpar,  for  the  most  part  loosely  aggregated^  but  sometimes  so 
compact  as  to  be  quarried  for  various  economical  purposes.  The  fragments 
are  usually  small^  seldom  larger  than  hazel-nuts  or  small  beans,  and  sometimes 
so  fine^  that  when  the  stone  is  white  and  compact,  it  is  very  like  a  coarse  chalk. 
It  occurs  grayish  white,  yellow,  and  brown  of  various  tints,  and  sometimes  of  a 
reddish  colour.  It  frequently  contains  masses  or  balls  of  hard  trachyte,  vary- 
ing in  diameter  from  a  few  inches  to  two  feet  and  upwards,  and  fragments  of 
slate,  usually  angular,  but  sometimes  rounded.  Except  in  one  situation,  which 
I  shall  afterwards  mention,  I  never  found  any  basalt  fragments  in  the  tuff, 
an  important  fact  as  regards  the  history  of  these  volcanic  regions.  They 
were  formerly  stated  to  have  occurred,  but  later  observations  have  shown 
that  What  was  taken  for  basalt  is  a  very  compact  black  slate.  I  searched  for 
basalt  in  those  places  where  it  was  said  to  occur,  but  never  found  any. 

The  trachyte  tuff  generally  occupies  the  intervening  valleys,  and  is  found  at  considerable  ele- 
vations, but  none  of  the  higher  summits  are  composed  of  it :  they  are  either  of  trachyte  or  basalt. 
Its  extent  and  mode  of  surrounding  the  trachytic  and  basaltic  hills  will  be  best  understood  by  an 
inspection  of  the  Map,  but  I  shall  mention  some  of  the  spots  where  it  may  be  most  distinctly  seen. 
•  The  road  from  Konigswinter  into  the  Wintermiihlen-thal  goes  across  the  extremity  of  a  ridge, 
which  descends  from  the  Drachenfels,  apparently  wholly  composed  of  trachyte  tuff,  and  at  a  place 
called  the  HoUe  it  is  cut  through  to  the  depth  of  forty  feet.  Here  it  is  of  a  brown  colour,  and 
seems  to  contain  much  iron.  It  is  traversed  in  all  directions  by  lines  like  the  decomposing  crusts 
of  two  surfaces  united,  which  sometimes  give  a  false  notion  of  stratification :  in  many  places  it  is 
decomposed  in  concentric  layers,  like  basalt,  and  it  contains  numerous  masses  of  trachyte  and 
slate.  It  is  traversed  by  basalt  dikes,  which  will  be  afterwards  described.  A  tuff  similar  to  this 
occurs  between  the  Lohrberg  and  Scheerkopf,  where  it  is  traversed  by  the  trachyte  dike,  men- 
tioned p.  439,  and  it  is  here  at  an  elevation  of  about  900  feet.  The  tuff  in  these  two  places  is 
diflferent  from  any  that  occurs  elsewhere  in  the  district.  After  passing  the  HoUe,  and  arriving  at 
Quegstein,  at  the  entrance  of  the  valley,  a  white,  very  loosely  coherent  tuff,  including  fragments  of 
slate,  rests  on  a  compact  sandstone  of  the  brown-coal  formation,  and  is  covered  by  loess :  specimens 
may  be  obtained  of  the  junction  of  the  tuff  and  sandstone.  In  the  museum  of  the  University  of 
Bonn  there  are  specimens  of  tuff  from  this  place  with  impressions  of  the  leaves  of  trees  similar  to 
those  which  are  found  in  the  brown-coal  formation.  In  the  immediate  vicinity  of  this  spot  there 
was  a  knoll  of  basalt,  which  contained  fragments  of  slate  converted  into  jasper,  of  which  several 
specimens  may  be  seen  in  the  museum ;  but  the  hard  rock  has  been  entirely  removed  for  mending 
the  roads.  Higher  up  the  valley,  the  tuff,  preserving  its  white  colour,  becomes  more  compact,  and 
at  the  Ofenkulenberg,  a  ridge  descending  from  the  Wolkenburg,  it  is  quarried.  It  is  much  used 
for  building  ovens,  from  its  property  of  resisting  heat,  and  is  thence  called  Backofenstein  \  and  from 
being  easily  worked,  masses  are  hollowed  out  to  form  troughs.  In  the  road  leading  to  the  quarry 
jt  is  traversed  by  a  dike  of  basalt;  and  Mr.  Noggerath*  says,  that  at  this  place  impressions  of 
leaves  have  been  found  in  the  tuff.  In  the  Keilsbrunnen  Steig,  near  the  Ofenkulenberg,  a  similar 
tuff  is  traversed  by  dikes  of  basalt. 


*  Rfteinland'tVestphaleTif  i.  \25. 
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The  trachyte  tuff  is  well  seen  in  the  Haisterbacher-thal,  the  other  great  valley  which  runs  up 
into  the  Siebengebirge  from  Ober-DoUendorf,  to  the  Stenzelberg  and  to  Haisterbacherroth.  At 
the  Langenberg  it  is  loosely  coherent,  white,  and  pale  red,  contains  much  pumice,  fragments  of 
slate ;  and  portions  of  wood,  in  a  soil  state  and  of  a  brown  colour,  are  not  uncommon.  Small 
crystals  of  glassy  felspar  may  be  picked  out  of  the  earthy  base,  and  the  ruts  in  the  road  are  often 
coated  with  magnetic  iron-sand,  led  by  the  rain  that  has  washed  the  tuff.  It  contains  numerous 
masses  of  trachyte,  many  of  which  are  quite  fresh,  and  resemble  those  of  the  Drachenfels,  Rosenau 
and  Stenzelberg ;  others  unlike  any  found  in  situ.  The  tuff  in  this  place  lies  in  beds  which  are 
nearly  horizontal,  but  it  exhibits  that  partial  and  irregular  deviation  from  horizontality  in  short 
distances,  so  often  seen  in  sections  of  beds  of  gravel  where  there  are  alternations  of  sand,  indi- 
cating the  deposition  of  the  tuff*  to  have  taken  place  under  the  surface  of  water.  Ascending  the 
valley  at  the  foot  of  the  Wirlberg  to  the  Stenzelberg  Kreuz,  another  section  of  the  tuff  is  seen 
covered  by  loess ;  and  Professor  Noggerath  states*  that  the  tuff  here  was  traversed  by  a  vein  of 
opal  jasper  from  two  to  three  inches  thick,  and  nearly  vertical,  very  like  the  wood  opal  of  Hungary  • 
it  has  long  since  been  carried  all  away.  Immediately  above  Ober  Cassel  a  tuff  is  found  which 
differs  considerably  from  any  other  in  the  district  I  have  met  with,  in  as  much  as  it  contains  frag- 
ments of  basalt  and  scoriae,  together  with  balls  of  clay  ironstone.  From  its  situation  it  is  not  im- 
probable that  this  may  be  an  after  deposit  of  trachyte  tuff,  along  with  clay  of  the  brown-coal  for- 
mation. 

Behind  the  village  of  Honnef  a  small  knoll,  called  the  Schwarzenerdenkopf,  is  formed  of  a  con- 
glomerate or  rather  breccia,  to  which  I  have  found  nothing  like  in  any  other  part  of  the  district. 
It  contains  fragments  of  trachyte  of  different  kinds,  scoriaceous  basalt,  compact  basalt,  quartz, 
crystals  of  felspar  and  hornblende.  It  is  surrounded  on  all  sides  by  grauwacke,  and  is  of  very 
limited  extent.  It  is  altogether  a  very  singular  occurrence,  and  not  very  intelligible  as  to  its 
origin. 

Between  the  villages  of  Dambruch  and  Rott,  on  the  northern  slope  of  the  Siebengebirge,  con- 
siderably within  the  region  of  the  brown-coal  formation,  and  four  miles  from  the  nearest  point 
where  trachyte  occurs,  there  are  distinct  beds  of  trachyte  tuff  lying  between  beds  of  clay  and  clay 
ironstone.  The  same  association  of  tuff  with  the  brown-coal  formation  is  found  at  Scheurn,  Ut- 
weiler,  and  Oehlinghoven.  It  is  generally  composed  of  smaller  fragments  than  the  tuff  nearer  to 
the  trachyte,  but  it  contains  masses  of  fresh  hard  trachyte.  At  Scheurn  it  contains  impressions  of 
the  leaves  of  trees,  similar  to  those  found  in  the  brown-coal  formation. 

The  only  spot  on  the  left  bank  of  the  Rhine  where  I  have  found  trachyte  tuff  is  in  a  lane  behind 
the  village  of  Muffendorf,  between  that  place  and  Godesberg ;  it  is  very  similar  to  that  near  the 
Drachenfels,  and  contains  large  masses  of  trachyte  •(•. 

It  has  been  remarked  by  some  who  have  described  the  Siebengebirge, 
that  the  trachyte  tuff  always  corresponds  in  composition  with  the  trachyte 
nearest  to  it,  as  if  it  were  derived  from  a  disintegrated  trachyte^  and  were 
thus  a  recomposed  rock.  I  have  looked  for  this  correspondence  of  structure, 
but  (ould  never  satisfy  myself  that  such  is  the  fact.  In  the  first  place  the  tiifl 
is,  in  almost  every  case,  in  too  earthy  a  state  to  enable  one  to  say  of  what 
particular  species  of  trachyte  it  is  composed;  and  in  the  next  place,  it  occurs 
"enerally  surrounded  by  trachytes  of  various  kinds;  and  lastly,  the  masses  or 

*  lihclnland'Wcslphalen^  i.  139.  f  See  Appendix  III.  p.  47;?. 
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balls  of  trachyte  which  it  contains  are  very  often  entirely  different  from  any 
variety  that  now  exists  en  masse.  In  addition  to  all  these  objections  to  its 
being  derived  from  preexisting  trachyte^  I  think  there  is  every  reason  to  sup- 
pose that  the  ejection  of  the  tuff  preceded  that  of  the  solid  trachyte^  just  as  in 
existing  volcanos  showers  of  ashes  often  precede  streams  of  lava. 

BasaU. 

Although  all  the  rocks  I  am  about  to  describe  under  this  head  do  not  strictly 
correspond  in  mineralogical  character  with  the  black  compact  substance  to 
which  the  term  is  usually  applied^  I  shall  not  convey  any  erroneous  idea  by 
employing  it^  as  by  far  the  greater  proportion  of  the  trap  rocks  of  the  district 
are  true  basalt^  characterized  by  the  presence  of  olivine^  and  the  rest  have  a 
great  resemblance  to  it 

Basalt  occurs  in  different  parts  of  the  district  on  both  sides  of  the  Rhine.  In  the  Siebengebirge 
it  forms  entire  hills,  and  dikes  of  it  traverse  grauwacke,  trachyte,  and  trachyte  tuff;  it  is  also  as- 
sociated with  the  beds  of  the  brown  coal  formation.  The  three  highest  hills  in  the  district  are 
composed  of  it,  viz.  the  Diisberg  near  Linz,  the  Oehlberg,  and  the  Lowenburg  in  the  Siebengebirge ; 
and,  by  a  reference  to  the  Table  of  Heights  in  the  Appendix,  it  will  be  seen  that  it  constitutes  one 
half  of  the  separate  hills  in  the  group.  The  extent  of  their  united  surfaces  is  also  fully  equal  to 
that  occupied  by  trachyte. 

"There  are  two  important  differences  as  regards  the  manner  in  which  the 
two  classes  of  rocks  have  been  ejected :  the  trachyte,  except  in  a  single  in- 
stance^ is  not  found  in  veins  traversing  other  rocks^  and  the  basalt  is  never 
associated  with  basaltic  tuff  except  at  Siegburg,  to  be  afterwards  described^ 
and  that  hill  is  not  within  the  Siebengebirge  group. 

The  summit  of  the  Lowenburg  is  composed  of  a  rock  that  would  be  called 
dolerite  by  most  geologists^  its  constituent  parts^  augite  and  felspar^  being  in 
much  larger  grains  than  in  basalt :  it  contains  magnetic  pyrites^  and  it  sepa- 
rates in  some  places  into  slender  irregular  columns. 

The  upper  part  of  the  Oehlberg  is  a  close-grained  black  basalt  in  large  tabular  or  rudely  columnar 
masses,  highly  magnetic,  and  possessing  polarity ;  it  contains  in  some  places  numerous  reddish 
brown  grains,  which  are  probably  hyacinth,  as  that  mineral  is  not  unfrequently  met  with  in  the 
basalt  of  the  district :  among  the  specimens  which  accompany  this  paper  is  one  from  Papelsberg 
near  Ober-Cassel,  with  a  well-defined  crystal  of  hyacindi  *.  The  ridge  between  Ober-Cassel  and 
Ramersdorf  is  wholly  composed  of  basalt,  containing  much  common  calcareous  spar  and  arrago- 
nite,  but  no  zeolite,  a  substance  which  seems  to  be  of  very  rare  occurrence  in  the  Siebengebirge. 
Numerous  quarries  have  been  opened  in  this  ridge ;  in  the  most  considerable  of  them  the  rock  has 

*  Sassenberg,  the  intelligent  guide  of  the  Siebengebirge  at  Ober-DoUendorf,  told  me  in  July  1853 
that  a  specimen  of  basalt  had  been  found  in  the  quarry  at  Unkel  containing  sapphire. 
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the  remarkable  appearance  of  a  gigantic  globular  concretion,  an  eUipsoid,  the  shorter  axis  of  which 
is  at  least  seventy  feet,  composed  of  concentric  layers.  Professor  Noggerath*  has  described  this 
spot ;  and  although  by  the  operations  of  quarrying  the  appearances  are  a  good  deal  altered  since 
his  drawing  was  made,  the  concentric  arrangement  of  tlie  rock  is  quite  distinct.  In  a  quarry  north 
of  this  the  basalt  is  split  into  tabular  masses  like  stratification ;  and  these  again  into  smaller  portions 
by  cross  rents,  so  that  the  face  of  the  rock  looks  like  a  dry-built  wall  of  squared  stones,  an  appear- 
ance not  at  all  uncommon  in  modem  lavas.  In  a  quarry  under  Fovaux's  Hauschen,  a  little  further 
north,  the  basalt  presents  the  appearance  of  a  pile  of  globular  concretions  so  squeezed  together  as 
to  assume  the  form  of  flattened  lenticular  masses. 

In  the  southern  part  of  the  district  the  sharp  cone  which  rises  from  the  grauwacke  plateau  above 
Honnef,  called  the  Leyberg,  is  composed  of  rudely  columnar  basalt ;  and  between  it  and  Linz  are 
four  other  conspicuous  hills,  rising  in  a  like  manner  from  the  grauwacke ;  the  Gross  Dusberg, 
1325  feet  above  the  Rhine,  the  Klein  Dusberg,  the  Hummelskopf,  and  the  Mendenberg,  all  com- 
posed of  basalt.  On  approaching  the  Mendenberg  from  Erpel  or  Linz,  one  is  surprised  to  see 
the  quantity  of  fragments  of  the  most  regular  slender  basaltic  columns,  which  are  applied  to  all 
sorts  of  purposes,  as  building-stones ;  pig-styes  are  constructed  of  pillars  which  would  be  prized 
as  beautiful  specimens  in  a  public  museum.  The  quarry  from  which  these  are  procured  is  situated 
inmiediately  under  the  summit  of  the  Mendenberg ;  it  forms  at  present  an  oval  space  of  about 
fifty  feet  by  thirty,  the  entrance  to  which  is  by  a  narrow  passage,  and  it  is  surrounded  by  walls 
twenty  feet  high,  of  the  most  regular  slender  columns,  standing  nearly  erect,  and  packed  close 
together  like  the  cells  of  a  honeycomb,  but  easily  separable  and  without  cross  joints,  so  that  single 
columns  are  sometimes  obtained  of  the  whole  height :  I  saw  one  lying  on  the  gpround,  a  hexagon 
of  nine  inches  diameter  and  sixteen  feet  long.  The  most  regular  columns  are  pentagons  and  hexa- 
gons; in  these  the  angles  are  very  sharp.  It  is  a  very  compact  black  basalt,  which  breaks  idto 
very  sharp  firagments  that  ring  like  glass,  and  contains  few  imbedded  minerals :  I  obtained,  how- 
ever, a  good  specimen  of  slender  prismatic  mesotype.  The  ends  of  the  columns  reach  the  surface, 
and  are  not  covered  by  amorphous  basalt ;  but  they  are  an  inferior  bed,  for  higher  up,  at  the  very 
summit,  there  is  a  mass  of  columns  less  regular  in  form,  lying  in  an  inclined  position,  and  detached 
from  each  other.  Such  is  the  profusion  of  basaltic  columns  in  this  neighbourhood,  that  the  walls 
of  the  town  of  Linz  are  wholly  built  of  them,  laid  on  their  sides,  with  the  ends  projecting  outwards; 
and  the  streets  are  paved  with  the  smaller  columns  set  on  end,  a  miniature  representation  of  the 
Giant's  Causeway.  The  walls  of  Bonn  and  Cologne  are  in  the  same  way  built  of  fragments  of 
basaltic  columns  laid  with  brick ;  and  the  posts  by  the  sides  of  the  roads  and  streets  in  this  part 
of  the  country  are  generally  made  of  the  same  ready-shaped  stones. 

All  round  Linz  basalt  breaks  out  from  the  grauwacke  at  detached  points.  One  of  the  most  con- 
siderable of  these  eruptions  is  the  Erpeler  Lei,  which  rises  to  a  very  considerable  height  from  the 
edge  of  the  river.  These  basalt  knolls  are  of  very  frequent  occurrence  towards  the  east  and  south- 
east of  this  district,  and  they  form  a  continuation  of  the  eruptions  around  Siegen,  in  the  Wester- 
wald  and  near  Frankfurt ;  and  these  are  connected  with  the  greater  masses  of  the  Vogelgebirge 
Rhbngebirge,  and  Habichtwald.  It  breaks  out,  too,  at  several  detaclied  points  on  the  left  bank 
of  the  Rhine  within  this  district.  The  Landskron  in  the  lower  part  of  the  Ahr  valley,  a  hill  about 
800  feet  high,  is  composed  of  grauwacke  for  two  thirds  of  its  height;  but  the  upper  part  is  basalt, 
shovring  some  tolerably  regular  jointed  columns.  Opposite  to  the  town  of  Unkel  a  considerable 
face  of  rock  is  exposed  in  an  extensive  quarry :  here  the  whole  mass  of  basalt  is  columnar,  the 

*  Rhcinland'  fVestphalerif  ii.  250,     See  also  Dr.  Daubeny  on  Volcanos,  p.  G7. 
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columns  lying  in  an  inclined  position,  and  separated  from  each  other  as  if  there  had  heen  an  in- 
termediate part  reduced  to  an  earthy  state  by  decomposition.  The  basalt  itself  is  very  fresh,  and 
contains  many  simple  minerals,  especially  olivine  in  rounded  granular  masses,  sometimes  as  large 
as  a  turkey's  egg,  calcareous  spar,  hornblende,  mesotype,  hyacinth,  and  magnetic  iron.  In  the 
upper  part  of  the  quarry  there  is  a  basalt  conglomerate  which  includes  fragments  of  wood,  and 
above  that  a  pretty  thick  bed  of  loess.  When  the  water  in  the  Rhine  is  low  the  columnar  basalt 
is  seen  extending  a  considerable  way  into  the  stream,  and  before  a  great  part  of  it  was  removed 
it  rendered  the  navigation  here  difficult  and  dangerous.  Eruptions  of  columnar  basalt  may  also 
be  seen  at  Rolandseck,  at  Dechelsberg  near  Nieder  Bachem,  at  Liihnsberg  near  Muffendorf,  and 
near  Kessenich ;  and  the  conical  hill  of  Godesberg,  which,  crowned  with  its  ruined  castle,  forms 
so  conspicuous  a  feature  in  the  landscapes  of  this  neighbourhood,  is  composed  of  the  same  rock. 

Basalt  Dikes. 
These  are  of  frequent  occurrence  in  the  Siebengebirge. 

In  the  Keilsbrunnen  quarry,  not  far  from  the  Lowenburg,  a  dike  of  aroygdaloidal  trap,  about 
twelve  feet  thick,  traverses  trachyte ;  and  one  traversing  the  trachyte  tuff  in  the  immediate  neigh- 
bourhood, from  its  composition  and  direction,  seems  to  be  a  prolongation  of  the  same.  Not  far 
from  hence,  at  the  Lowenburg  Tranke,  the  trachyte  is  traversed  by  a  dike  of  amygdaloidal  trap 
about  two  feet  wide,  the  trachyte  being  much  decomposed.  In  the  lane  leading  from  Konigswinter 
to  the  Keilsbrunnen  quarry,  between  the  Hirschberg  and  Wolkenburg,  the  trachyte  tuff  is  traversed 
by  four  dikes  in  a  space  of  about  seventy- five  feet.  They  are  narrow,  but  their  dimensions  and 
their  relations  to  the  substance  they  cut  through  cannot  be  well  seen  from  the  covering  of  soil. 
Near  the  Stenzelberg  Kreuz  the  trachyte  tuff  is  cut  by  a  dike  which  probably  is  connected  with  the 
basaltic  hill,  the  Wirlberg,  close  by,  and  which  probably  has  also  sent  out  the  dike  in  the  opposite 
direction,  which  is  seen  near  the  Thier  Garten.  In  a  road  leading  over  the  hills  due  east  of  Hon- 
aef,  near  Steinsbusch,  a  dike  of  basalt  cuts  the  grauwacke  strata ;  there  is  no  change  produced  in 
the  latter  either  in  regard  to  disturbance  of  the  regularity  of  the  stratification  or  the  texture  of  the 
stone ;  but  at  no  great  distance,  at  the  Goldnen  Kistchen,  a  mass  of  basalt  in  contact  with  the 
grauwacke  changes  it  into  a  hard  substance  like  jasper,  which  splits  into  prismatic  firagments. 

In  the  Konigswinter  valley,  and  in  the  road  to  the  Ofenkulenberg  quarry,  and  not  far  from  it,  a 
white  trachyte  tuff  is  traversed  by  a  trap  dike  about  six  feet  wide ;  the  tuff  is  considerably  har- 
dened at  and  near  the  junction,  and  splits  into  prismatic  fragments.  The  dike  is  a  dark  amygda- 
loidal basalt  with  olivine ;  but  there  seems  to  have  been  an  intermixture  with  the  tuff  towards  the 
sides,  where  it  is  so  changed  as  scarcely  to  be  recognisable  from  basalt  in  detached  specimens. 
Where  it  is  of  a  dark  colour  it  separates  into  thin  plates  like  a  coarse  slate,  parallel  to  the  direction 
of  the  dike*  The  tuff  in  the  Konigswinter  Holle,  described  p.  441.  is  traversed  by  two  dikes  of 
about  two  feet  in  width,  which  intersect  each  other ;  the  one  being  thrown  considerably  out  of  its 
direction  by  the  other,  but  the  point  of  intersection  is  concealed  by  the  road.  The  substance  of 
these  dikes  is  so  much  decomposed  that  it  would  be  impossible  to  recognise  them  for  basalt  except 
by  their  resemblance  to  what  occurs  in  other  instances,  where  the  rock  is  partly  fresh  and  partly 
decomposed ;  indeed  one  of  the  dikes  is  changed  into  a  substance  very  like  a  dun-coloured  fiiable 
sandstone.  Besides  these  two  dikes  there  are  two  others  in  the  same  situation,  but  they  do  not 
present  anything  requiring  particular  notice. 
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One  of  the  most  remarkable  Tolcanic  eruptions  of  this  neighbourhood 
occurs  at  Siegburg,  a  small  town  in  the  northern  part  of  the  district  The 
small  ri?er  Sieg  winds  through  an  extensive  alluvial  plain^  and  in  the  midst  of 
this^  entirely  detached  from  the  adjoining  hills^  three  conical  eminences  rise  up, 
one  of  them  quite  insulated^  the  other  two  connected  together  by  a  low  ridge. 
At  the  foot  of  the  insulated  cone^  which  is  3 1 1  feet  high,  the  town  of  Si^- 
burg  is  situated,  and  on  its  summit  there  is  a  vast  building,  formerly  a  mo- 
nastery^ now  a  public  Lunatic  Asylum,  which  forms  a  very  conspicuous  object 
for  many  miles  round.  The  principal  mass  of  these  three  hills  is  a  tuff  of  a 
yellowish  brown  colour,  in  some  places  compact,  but  more  usually  of  a  loose 
texture ;  in  point  of  structure  very  like  trachyte  tuff,  but  substituting  the  con- 
stituent parts  of  basalt  for  trachyte  as  the  material ;  and  it  is  used  for  similar 
purposes,  viz.  the  construction  of  ovens  and  fireplaces.  Its  component  parts  are 
for  the  most  part  decomposed  basalt,  but  sometimes  the  fragments  are  fresh  ; 
many  are  in  the  state  of  scorias,  and  there  are  numerous  fragments  of  grau- 
wacke  slate.  It  is  often  penetrated  by  calcareous  spar,  seemingly  introduced  by 
subsequent  infiltration ;  and  it  contains  numerous  fragments  of  dicotyledonous 
wood,  generally  brown  like  lignite,  sometimes  fossilized  by  calcareous  spar,  at 
others  highly  charged  with  iron ;  balls  of  clay  ironstone  are  not  unfrequent. 
Mr.  Lyell,  who  visited  this  spot  with  me,  remarked  the  great  resemblance  of  this 
tuff  to  the  volcanic  tuff  of  the  Phlegraean  Fields  and  of  Ischia.  The  two  con- 
nected hills  are  called  the  Grimprich  and  Wolsberg,  and  are  189  and  230  feet 
high.  From  the  former  stands  out  a  mass  of  basalt  at  the  summit,  a  part  of  a 
dike  from  the  sides  of  which  the  tuff  has  been  washed  away,  portions  of  it 
being  still  left  adhering ;  the  main  part  of  the  dike  is  a  compact  black  basalt, 
but  towards  the  sides  it  becomes  scoriform  ;  it  may  be  traced  to  the  bottom  of 
the  hill.  On  the  south-east  side  the  tuff  lies  in  beds  dipping  froFn  the  hill, 
that  is,  with  a  slope  nearly  parallel  to  its  present  surface.  The  basalt  contains 
nests  of  arragonite  in  well-defined  crystals.  In  the  Wolsberg  there  are  large 
quarries  where  the  tuff  may  be  seen  in  all  its  varieties,  being  sometimes  so 
hard  as  to  require  to  be  blasted.  On  the  south  side,  and  just  above  the  Sieg", 
it  is  traversed  by  a  double  dike  of  basalt,  each  branch  about  a  foot  wide,  the 
tuff  between  being  very  different  from  that  on  the  outside,  appearing  like 
cinders  that  had  run  together,  part  being  in  a  twisted  form,  as  is  often  seen 
when  a  viscid  ropy  stream  of  lava  has  cooled ;  the  basalt  of  the  dikes  is  also 
scoriform.  No  place  can  show  in  a  more  distinct  manner  the  similarity  of  an 
undoubted  lava  to  basalt  occurring  in  situations  where  none  of  the  usual  ap- 
pearances of  active  volcanos  exist;  for  the  basalt  of  these  two  cones  could  not 
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be  distinguished  in  specimens  from  the  Rowley  Rag  of  Staffordshire^  or  the 
Castle  Rock  of  Edinburgh. 

The  only  remaining  point  of  volcanic  eruption  which  I  have  to  notice  is 
the  Roderberg^  a  hill  above  the  village  of  Mehlem^  on  the  left  bank  of 
the  Rhine.  From  a  distance^  and  even  near  at  hand^  one  would  not  suspect 
that  the  hill  had  anything  volcanic  in  its  nature ;  it  is  not  conical^  but  looks 
like  a  smooth  rounded  prolongation  of  the  adjoining  hills  that  belong  to  the 
brown-coal  formation.  But  at  the  beginning  of  the  ascent  from  Mehlem 
loose  black  cinders  appear^  and  on  arriving  at  the  summit  there  is  found  a 
circular  depression  of  about  a  hundred  feet  deep^  and  a  quarter  of  a  mile  in 
diameter^  once  the  crater  of  a  volcano^  but  now  occupied  by  corn-fields  sur- 
rounding a  farm-house.  It  is  on  the  north  and  north-east  side  chiefly  that  the 
volcanic  materials  are  seen^  for  in  the  ascent  from  Nieder  Bachem  there  are 
few  traces  of  them^  till  one  comes  to  the  edge  of  the  crater^  even  although  the 
road  is  cut  several  feet  deep  into  the  hill  in  some  places.  On  the  north  and 
north-east  the  edge  of  the  crater  is  composed  of  a  spongy  scoriaceous  rock^ 
with  marks  of  fusion^  identical  with  the  productions  of  active  volcanos.  At 
thesouth*west  side  of  the  crater^  however^  grauwacke  appears^  but  whether  in 
situ  or  in  detached  blocks  it  is  difficult  to  determine ;  it  is  of  that  brighter  red 
colour  from  oxidation  of  iron  which  is  produced  when  a  portion  of  grauwacke 
is  exposed  to  a  strong  heat.  Upon  this  lies  a  yellow  gravely  the  same  as  that 
which  covers  the  brown-coal  formation  throughout  the  district^  and  containing 
no  fragments  of  volcanic  matter;  and  upon  the  gravel  lies  a  black  tufaceous 
semi-indurated  substance^  disposed  in  layers  which  slope  outwards  from  the 
crater*. 

Brown-Coal  Formation. 

This  formation  consists  of  an  assemblage  of  beds  of  siliceous  sand^  sand- 
stone^ quartzose  conglomerate^  clay  of  different  qualities^  clay  ironstone  in 
layers  and  detached  masses  in  the  clay^  and  of  lignite  of  various  qualities^  in 
distinct  beds  and  intermixed  with  the  clay. 

It  occupies  a  great  extent  of  country  on  both  sides  of  the  Rhine.  On  the  right  bank  it  covers 
the  northern  slope  of  the  Siebengebirge,  as  it  falls  to  the  plain  through  which  the  Sieg  flows,  oc- 
cupying an  area  of  about  seven  miles  from  east  to  west,  and  five  from  north  to  south.  It  occurs 
again  north  of  the  Sieg,  in  detached  spots  along  the  sides  of  the  hills  forming  the  eastern  boundary 
of  the  Rhine  valley,  as  far  as  the  immediate  vicinity  of  Bensberg,  nine  miles  east  of  Cologne.  On 
the  lefl  bank  of  the  river  it  forms  a  long  broad  ridge  of  low  hills,  or  rather  plateau,  lying  between 
the  valleys  of  the  Rhine  and  the  Erfl,  from  the  town  of  Meckenheim,  nine  miles  south-west  of  Bonn, 

♦  See  Appendix  IV.  p.  472. 
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to  [he  south  of  the  town  of  Bergheim,  betneenCologneandJuliers,  a  stretch  of  about  thirty  roiles; 
and  Professor  Nbggerath  informs  me  that  lie  has  traced  the  tigniie  beds  at  intervals  from  Bergheim 
to  Aix  la  Chapelle.  The  breadth  of  the  pbieau  varies  from  three  to  five  miles.  Its  greatest  ele- 
vation is  about  aOO  feet  above  the  plain  on  the  eastern  side ;  and  from  the  foot  of  the  plateau  near 
Briihl  to  the  Rhine,  a  distance  of  about  five  miles,  there  is  a  fall  of  fifty  feet*.  These  two  districts, 
on  the  right  and  left  banks  of  the  Rhine,  arc  the  chief  deposits ;  but  tlie  formation  occurs  at  several 
places  further  south,  on  both  sides  of  the  river,  and  also  within  the  volcanic  regions  of  the  Slebeo- 
gebirgc  and  Lower  Eifcl. 

A,   The  Siliceous  Deposits. 

The  lowest  member  of  the  formation  seems  to  be  the  loose  siliceous  sand  ; 
with  this  is  associated,  and  generally  covering  it,  a  sandstone  of  various  de- 
crees of  coherence,  sometimes  mo  friable  as  to  be  easily  rubbed  between  the 
fingers,  at  others  as  compact  as  a  granular  quartz  rock.  At  Tanzchen  and 
Quegstein,  in  the  valley  above  Kiinigswinter,  all  these  varieties  may  be  seen 
together.  Here  also  are  found  thick  beds  of  a  quartzose  conglomerate,  the 
pebbles  of  which  are  for  the  most  part  small,  but  sometimes  as  large  as  a 
pigeon's  egg,  and  so  associated  with  the  fine-grained  quartzose  rock,  that 
specimens  may  be  obtained  of  both  united,  sometimes  showing  a  gradual 
transition  from  the  coarse  to  the  fine,  at  others  a  sharp  line  of  separation. 
In  specimens  no  one  could  distinguish  this  sandstone  conglomerate  of  fresh- 
water formation  from  rocks  of  constant  occurrence  in  the  grauwacke  and 
older  secondary  strata.  The  conglomerate  is  traversed  by  yellow  and  brown 
semi-opal,  which  occasionally  assumes  the  mammillary  structure  of  chalcedony, 
and  in  which  traces  of  vegetable  structure  may  be  detected. 

In  the  neighbourhood  of  Rott  and  Geistingen,  on  the  right  bank  of  the 
Rhine  due  east  of  Bonn,  there  are  found,  associated  with  a  thin  leafy  bitu- 
minous lignite  which  has  obtained  the  name  of  Papierkokle  (Paper-coal), 
laminiB  of  a  flinty  substance,  seldom  above  an  inch  thick,  and  usually  accom- 
panied with  thin  friable  siliceous  plates,  earthy,  and  bearing  some  resemblance 
to  the  Polierschiefer  that  is  found  in  the  brown-coal  formation  of  the  Ha- 
bichtwald.  Between  the  plates  of  the  Papierkohle  siliceous  concretions,  of 
the  form  and  size  of  beans,  are  sometimes  found.  ^ — 

B.  The  Argillaceous  Deposits. 

These  consist  of  beds  of  clay  of  various  qualities  and  colours,  according  to 

which  they  are  used  for  making  bricks,  tiles,  and  pottery ;  and  some  is  sent 

into  Holland  for  making  tobacco-pipes.     In  many  places  the  clay  is  much 

'  Von  Dechen,  Betchreibung  del  Kvhten  tmd  Tummelbau  in  dem  BriihUr  Braunkoklettrtakr, 
in  Karsten's  Archiv.,  vol.  iii.  1831. 
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mixed  with  earthy  lignite,  is  in  many  places  very  pyritous,  and  when  that  is 
the  case^  works  have  been  established  for  the  manufacture  of  alum^  as  at 
Friesdorf  on  the  left  bank^  and  Holtorf  on  the  right  bank  of  the  Rhine^  both 
near  Bonn.  The  cby,  intermixed  with  earthy  lignite^  which  also  contains 
pyrites,  is  piled  up  in  lumps,  forming  heaps  of  many  yards  in  length ;  and 
after  being  for  some  time  exposed  to  air  and  moisture,  decomposition  takes 
place,  evolving  much  heat;  sulphate  of  iron  and  sulphuric  acid  are  formed, 
which  last  unites  with  the  alumine  of  the  clay,  and  by  repeated  solutions  and 
evaporations,  and  the  addition  of  potash,  crystallized  alum  is  obtained  in  the 
usual  way.  This  spontaneous  heating,  often  extending  to  inflammation,  some- 
times takes  pbce  in  the  pits  where  the  brown  coal  is  worked.  Between  the 
layers  of  the  alum  slate  crystals  of  gypsum  are  often  found,  and  large  detached 
crystals  of  gypsum  occur  in  the  clay,  as  in  the  London  clay,  in  both  cases 
most  probably  produced  by  the  decomposition  of  pyrites. 

Clay  ironstone  is  of  frequent  occurrence  in  the  clay,  both  in  the  form  of 
layers  and  in  detached  lenticular  and  irregular  masses.  In  the  neighbourhood 
of  Rott  thirteen  different  layers  were  founds  varying  ftt>m  an  inch  to  a  foot 
in  thickness,  and  making  together  nine  and  a  half  feet  of  ironstone^.  Mas- 
sive portions  of  crystalline  spathose  iron  have  been  found  at  Scheurn  near 
Rott. 

C.  The  Brown- Coal  or  Lignite. 

This  is  found  in  various  states. 

a.  A  dark  brown  or  black  earthy  substance,  friable,  sometimes  pulveru- 

lent, generally  occupying  the  upper  part  of  the  lignite  beds,  and 
rarely  showing  a  stratified  structure. 

b.  A  concreted  mass,  in  which  fragments  of  wood  and  leaves  are  visible, 

with  a  mixture  of  earthy  matter. 

c.  Wood  in  different  stages  of  bituminization,  of  all  shades  of  colour, 

from  light  brown  to  black,  and  the  latter  sometimes  approaching 
to  the  nature  of  jet. 

d.  Papierkohle,  highly  bituminous,  burning  with  a  bright  flame,  leaving 

a  white  ash,  separating  readily  into  leaves  as  thin  as  writing-paper; 

a  deposit  of  finely  comminuted  vegetable  matter  and  earth. 

The  wood  is  generally  in  fragments  of  inconsiderable  size ;  but  sometimes 

large  stems  of  trees  are  found,  and  if  lying  horizontal,  as  they  usually  are,  very 

often  flattened.     Trees  have  been  met  with  in  an  upright  position  with  their 

roots  attached^  and  the  stem  passing  through  different  beds,  into  which  the 

*  Noggerath,  Das  Gebirge  in  Rheinland-fVestphalen,  iv.  38S. 
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li^ite  deposit  is  separable.  Professor  Noggerath  mentions*  two  instances 
at  Friesdorf ;  in  the  one  the  tree  was  seven  feet  in  diameter^  and  from  the 
beds  it  penetrated  must  have  been  about  ten  feet  high ;  in  the  other  the  tree 
was  eleven  feet  thicks  but  how  high  could  not  be  ascertained.  At  Zisselsmaar^ 
on  the  western  side  of  the  plateau^  an  upright  mass  of  root  and  stem^  of  four 
feet  in  lengthy  was  found  f.  I  do  not^  however^  mention  these  instances  as 
any  proof  of  the  trees  being  in  the  situation  in  which  they  grew^  for  if  they 
were  floated^  the  heavy  root  might  keep  them  in  an  erect  position^  and  the 
rarity  of  the  occurrence  is  a  strong  presumption  against  the  idea. 

The  wood  is  sometimes  so  fresh^  so  little  changed^  as  to  have  been  used  at 
Viemich  for  timbers  in  the  mines |.  Pyrites  is  of  frequent  occurrence  in  all 
the  beds ;  and  sometimes^  as  at  Friesdorf  and  Holtorf^  wood^  in  which  the 
texture  is  preserved^  is  highly  charged  with  a  granular  carbonate  of  iron.  A 
specimen  which  accompanies  this  paper  is  a  portion  of  a  tree  which  I  found 
in  a  thick  bed  of  lignite  at  Friesdorf;  it  was  about  four  feet  long^  and  a  foot 
and  a  half  in  diameter.  The  interior  was  converted  into  carbonate  of  iron 
to  the  almost  total  disappearance  of  the  woody  texture^  but  this  last  was  still 
entire  on  the  outside^  where  the  iron  was  in  the  state  of  a  yellow  oxide.  I 
have  mentioned^  p.  446^  that  I  found  a  portion  of  wood  highly  charged  with 
oxide  of  iron  in  the  basaltic  tuff  of  Siegburg;  and  it  is  important  to  remark, 
with  reference  to  the  relative  age  of  the  brown-coal  formation,  and  the  vol- 
canic eruption  of  Siegburg,  that  in  addition  to  this  fact  I  found  a  specimen  of 
bituminized  wood  in  the  basaltic  tuff  identical  in  appearance  with  a  specimen 
which  I  obtained  from  the  brown-coal  beds  at  Geistin^er  Busch. 

M.  Yon  Dechen  mentions  that  at  Lieblar  a  lignite  is  found  with  a  thin 
powdery  coating  of  amber.  From  the  smell  which  this  coal  gives  out  when 
burnt,  the  workmen  call  it  edeler  Weihrauchy  frankincense. 

D.  Organic  Remains  of  the  Brown-Coal  Formation. 

These  consist  of  vegetables,  fish,  insects,  and  reptiles :  no  shells  of  any  sort 
have  ever  been  found,  except  in  one  particular  spot,  which  I  shall  afterwards 
notice;  and  no  remains  of  quadrupeds,  except  in  two  very  doubtful  cases§. 

a.  Remains  of  Vegetables, 

The  brown-coal  or  lignite  beds  consist  of  wood  and  of  leaves,  and  wood  and  impressions  of  leaves 
are  also  found  in  the  siliceous  and  argillaceous  beds  of  the  formation.     As  the  woods  occur  in 


*  Beschreibimg   der   Braunkohlen  Ahlagerung  auf  dem  Putzberge,  in    Von  Moll's  Jahrbuch, 
vol.  iii.  Nuremberg,  1815. 

t  Von  Dechen,  uti  supra.  +  Ibid.  §  See  Appendix  V.  p.  473. 
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broken  masses  to  which  leaves  are  never  attached,  no  decision  can  be  pronounced  as  to  the  general 
to  which  they  belong  more  exact  than  that  of  resemblance.  Faujas  St.  Fond,  in  a  description  of 
a  visit  he  made  to  the  brown-coal  mines  at  Lieblar,  published  in  1802,  says  that  he  obtained  spe- 
cimens of  fruits  found  in  the  brown  coal  which  Jussieu  and  other  eminent  botanists  pronounced  to 
belong  to  the  palm  tribe*.  The  impressions  of  leaves  are  most  distinct  in  the  Papierkohle,  the 
sandstone  and  clay  ironstone,  and  the  leaves  belonged,  doubtless,  to  the  stems  which  are  associated 
with  them.  • 

In  sinking  a  pit  some  years  ago  in  the  clay  at  Bruch  near  Ober  Cassel,  there  was  found  a  bed 
of  fragments  of  silicified  wood  four  feet  thick.  Professor  Noggerath  made  a  very  close  exami- 
nation of  an  extensive  suite  of  specimens  of  the  wood  from  this  place,  in  the  possession  of  Pro- 
fessor Leonhard  of  Heidelberg,  with  Mr.  C.  Bernhard  Cotta,  the  author  of  an  excellent  work 
on  fossil  woods  t,  and  the  result  was,  that  without  a  single  exception  they  were  all  dicotyledonous. 
There  exist,  however,  in  the  museum  of  the  University  of  Bonn,  two  specimens  from  this  place  of 
a  doubtful  character.  They  are  from  three  to  four  inches  long,  and  about  an  inch  and  a  half 
thick,  and  are  silicified.  They  were  long  imagined  to  be  fir  tops,  but  Professor  Nees  von  Esen- 
beck.  Sen.,  who  at  the  request  of  Professor  Noggerath  examined  them  with  great  care,  was 
of  opinion  that  they  are  most  probably  portions  of  the  root  of  a  species  of  Fern  {.  Among  the 
specimens  I  obtained  from  this  place  is  one  in  which  the  silicified  woody  fibres  separate  like  some 
kinds  of  glassy  actinolite ;  this  variety  is  not  uncommon ;  some  are  found  passing  into  the  state  of 
semi-opal.  At  Alter  Roth,  near  Haisterbach,  I  found  in  a  friable  sandstone  a  portion  of  a  branch 
of  a  tree,  which  is  remarkable  in  this  respect,  that  while  the  form  of  the  branch  with  a  knot  in  it 
is  perfectly  preserved,  the  substance  of  the  wood  has  been  replaced,  not  as  in  the  other  instances 
by  silica  in  a  state  of  minute  division,  but  by  a  somewhat  coarse  quartzose  sand. 

It  does  not  appear  that  the  vegetable  remains  contained  in  the  brown-coal  formation  of  this 
district  have  as  yet  been  described  by  any  botanist  of  acknowledged  authority.  My  friend  Pro- 
fessor Lindley  has  been  so  kind  as  to  examine  the  specimens  I  have  sent  in  illustration  of  this 
paper,  and  the  following  communication  from  him  contains  the  result  of  that  examination. 

"  The  principal  part  of  the  impressions  of  leaves  is  in  a  state  which  renders  it  impossible  to  de« 
'*  termine,  with  any  certainty,  the  nature  of  the  plants  to  which  they  have  belonged.  They  consist 
'*  generally  of  casts  of  portions  of  dicotyledonous  foliage,  of  so  common  an  appearance  that  no  one 

could  have  determined  them  with  precision,  even  if  they  had  been  newly  gathered  and  possessed 
"  of  all  those  characters  of  texture,  surfiice,  colour,  and  odour,  by  which  a  botanist  would  be 

obliged,  in  the  case  of  such  fragments,  to  form  his  opinion. 
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*  "  On  trouve  quelquefois  dans  les  mines  de  terre  d'Ombre  de  Liblar,  des  fruits  qui  out  au  pre- 
'*  mier  aspect  la  forme  des  noix  ordinaires  enveloppees  de  leur  brou,  mais  en  les  exarainant  avec 
"  attentions  Ton  voit  qu'ils  en  difi(§rent  totalement.  Les  botanistes  les  plus  exerces,  tels  que  de 
**  Jussieu,  Desfontaines,  Thouin,  apres  avoir  examine  et  compart  ces  fruits  ont  trouve  qu'ils  avoient 
**  un  tr^s  grand  rapport  avec  les  noix  du  palmier  Areca.  lis  n'ont  pas  cru  devoir  afBrmer  que 
"  ces  fruits  fussent  directement  ceux  de  I'Areca,  mais  ils  ont  une  opinion  unanime  qu'ils  ont  ap- 
**  partenus  k  des  arbres  du  genre  palmier." — Annaks  du  Museum  d^Hist,  Nat,  i.  459. 

t  Die  DendroUthen  in  Bezichung  aufihren  inneren  Bau.   Dresden,  1832.  4to. 

%  M.  Alex.  Brongniart  says,  in  treating  of  lignite,  in  1823,  '*  On  n'y  cite  encore  aucune  fougere 
<*  evidente,  ni  aucune  des  feuilles  ou  tiges  des  plantes  de  cette  m^me  famille." — Diet*  dei  Sciences 
Naturelles,  vol.  xxvi.  p.  360. 
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''Among  them  are»  however,  three  speciest  the  existence  of  which  is  sufficient  to  detennine  with 
"  certainty  the  relative  age  of  the  formation ;  and,  with  great  prohability,  the  nature  of  the  climate 
"  of  the  North  of  Germany  at  the  time  of  their  deposit. 

"  Messrs.  Murchison  and  Lyell  found  m  the  tertiary  formation  of  Aix  in  Provence,  remains  of  a 
'*  Cinnamon,  and  of  a  kind  of  coniferous  plant  called  Podocarpus,  figures  of  which  are  given  in  the 
"  Edinburgh  New  Philosophical  Journal  for  18^9,  p.  ^98.  Both  of  these  occur  in  the  present  col- 
"  lection,  and  along  with  them  distinct  traces  of  the  leaf  of  some  kind  of  Palm,  which  was  also  met 
"  with  in  the  deposit  at  Aix. 

"  The  Cinnamon  I  formerly  thought  identical  with  C  dulee^  a  species  now  inhabiting  China,  and 
"  there  is  nothing  in  the  impressions  from  Bonn  to  render  it  necessary  to  modify  that  opinion.  At 
"  the  same  time  it  must  be  confessed  that  this  identification  may  be  erroneous,  and  that  better 
"  specimens  may  prove  it  to  be  even  a  species  of  Tetradefua  or  Camphora. 

**  The  Podocarpus  was  referred,  with  some  doubt,  to  P.  macropkyUa ;  and  if  not  actually  that 
"  species,  or  P.  coriaceus^  a  West  Indian  species,  may  at  least  be  considered  as  certainly  belonging 
'*  to  the  genus. 

^  Of  the  Palm  very  imperfect  fragments  only  remain.  They  consist  of  strap-shaped  impressions, 
"  truncated  at  each  end,  with  some  of  the  parallel  veins  slightly  thicker  than  the  others,  at  rather 
"  unequal  intervals,  and  also  with  traces  of  parallel  ribs;  the  lateral  veins  diverge  from  the  ribs  at 
"  an  angle  of  about  40°,  and  are  remarkably  well  preserved. 

"  Imperfect  as  are  these  data,  they  seem  at  firf  t  sight  to  lead  to  the  conclusion  that  the  climate  of 
"  Bonn  was  tropical  at  the  time  of  this  deposit,  because  the  Cinnamon  is  characteristic  of  the  Flora 
"  of  the  Indian  Archipelago ;  Podocarpus  is  found  in  the  West  Indies  and  at  Sincapore,  while  the 
"  Palm  might  reasonably  be  considered  in  its  natural  station  in  such  situations. 

"  But  It  may  also  be  supposed,  from  the  same  evidence,  that  the  climate  of  Bonn  approximated 
'*  to  that  of  the  northern  provinces  of  China,  and  the  valleys  of  Nipal ;  for  Cinnamomum  dulce,  to 
"  which  the  cinnamon-likejeaf  may  have  belonged,  is,  as  has  already  been  stated,  Chinese ;  while 
'*  the  genera  Tetradenia  and  Camphora  range  as  far  to  the  north  as  the  mountains  of  Nipal,  and 
'*  even  Japan:  and  Cinnamomum  itself  finds  its  most  northern  limit  only  in  the  upper  mountains  of 
'*  Nipal,  near  the  river  Cosa.  Podocarpus  macrophylla  itseK  has  certainly  been  found  in' Nipal, 
"  and  probably  near  Nagasaki ;  and  although  it  is  impracticable  to  determine  positively  from 
*'  such  materials  as  we  have  here  preserved,  to  what  species  of  palm  the  impressions  belonged,  yet 
'*  there  is  nothing  in  them  at  variance  with  the  leaves  of  the  modern  Chamaerops,  one  species  of 
«*  which,  the  Chamcerops  Palmetto,  now  inhabits  the  South  of  Italy  and  Barbary,  and  another  the 
"  valleys  of  Nipal. 

"  It  may,  therefore,  be  safely  concluded  that  the  climate  of  Bonn,  at  the  period  of  the  brown  coal 
"  deposit,  ranged  between  that  of  the  Indian  Archipelago  and  Nipal*/' 

b.  Remains  of  Fishes. 

Professor  Broun  t>  in  a  paper  on  the  fossil  remains  of  fish,  found  in  the  papierkohle  of  this 
district,  states  that  he  examined  some  hundred  specimens,  and  that,  with  the  exception  of  one,  of 
v^hich  the  remains  were  very  indistinct,  all  belonged  to  one  species.  They  are  usually  from  two 
to  three  inches  long,  rarely  exceed  three  quarters  of  an  inch  in  depth,  and  the  head  forms  a  fourth 


*  See  Appendix  VI.  p.  474. 

t   Ueber  die  fossilen  Reste  der  Papierkohle  vom  Geistenger  Busch  im  Sithengeh'irge^  in   Leon- 
hard's  Zeitichrift  Jiir  Mineralogie,  1828. 
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part  of  the  entire  length*.  Nothing  of  the  substance  of  the  fish  remainsi  but  there  is  occa- 
sionally a  dark  coaly  matter  marking  the  contour  of  the  body :  there  is  even  no  appearance  of 
the  fragments  of  scales,  nor  of  fins,  ribs,  vertebrae,  or  bones  of  the  head,  but  the  forms  of  all  are 
impressed  on  the  Papier kohle  with  remarkable  exactness,  and  they  are  for  the  most  part  quite 
entire.  He  considers  them  to  belong  to  the  genus  Cyprinus,  but  to  be  dissimilar  from  any  known 
species,  and  he  has  named  it  Cyprinus  papyracetis.  These  impressions  have  been  examined 
since  that  time  by  M.  Agassizf,  and  are  mentioned  in  one  of  the  memoirs  he  published,  pre- 
paratory to  his  more  extensive  work  on  fossil  fishes.  He  confirms  the  opinion  of  Professor 
Bronn,  naming  the  species,  however  Leucisctu  papyracetu,  in  conformity  with  a  new  division  of 
the  genus  Cyprinus^.  Professor  Bronn  describes  also  a  small  crab,  and  Professor  Goldfuss,  in  a 
recent  memoir§ ,  says  that  besides  this  specimen  of  the  remains  of  Crustacea,  there  are  three 
remarkable  animals  belonging  to  the  Branchiopoda,  the  largest  of  which  is  more  than  an  inch  in 
diameter. 

c.  Remains  of  Insects. 

These  and  the  remains  of  some  reptiles  have  been  described  by  Professor  Goldfuss  in  the 
memoir  above  quoted.  Insects  have  been  found  in  the  papierkohle  of  Stosschen  at  the  foot  of 
the  Mendenberg,  at  Orsberg  near  Linz,  and  at  Friesdorf  near  Bonn.  Sometimes  nothingr  emains 
but  the  impression  of  the  form  of  their  bodies ;  at  other  times  the  bodies  form  a  thin,  compressed, 
coaly  scale,  shining,  and  sometimes  having  a  metallic  lustre.  They  seem  to  beloi^  to  the  genera 
Lnctmis,  Meloe,  Dytiscus,  Buprestis,  Cantharis,  Cerambyx,  Parandra,  Belostoma,  Cercopis,  Lo- 
custa,  Anthrax,  and  Tabanus. 

d.  Remains  of  Reptiles. 
Professor  Goldfuss  describes  a  species  of  Frog,  Salamander,  Triton,  and  Ophis.  These  were 
found  at  Orsberg  in  the  papierkohle.  In  this  case,  as  in  that  of  the  fishes,  the  organized  matter 
has  almost  wholly  disappeared :  very  perfect  impressions,  however,  remain,  not  only  of  the 
skeleton,  but  a  dark  shade  in  the  coal  marks  the  entire  form  of  the  animal,  as  in  those  ana- 
tomical plates  where  the  skeleton  is  contained  in  a  shaded  form  of  the  entire  body.  After  a  very 
careful  examination,  which  he  minutely  describes.  Professor  Goldfuss  satisfied  himself  that  these 
remains  belong  to  an  extinct  species  of  frog,  which  he  has  called  Rana  Diluviana.  The  sala- 
mander, which  is  about  two  inches  long,  also  exhibits  a  structure  somewhat  distinct  from  existing 
species,  and  he  has  named  it  S,  Ogygia.  So  with  regard  to  the  impression  of  a  triton,  about  two 
inches  long,  and  which  he  has  named  7*.  Noachicus.  The  remaining  reptile  he  describes  as  being 
of  a  singular  nature,  the  specimen  exhibiting  the  appearance  of  two  portions  of  a  coiled  snake. 


*  Lord  Cole  informs  me  that  he  and  Sir  Philip  Egerton  obtained  specimens  from  this  place, 
of  impressions  of  a  fish  of  much  larger  dimensions,  and  1  have  seen  that  which  is  in  the  pos- 
session of  Sir  Philip  Egerton.  It  is  an  impression  of  the  skeleton  of  the  tail  end,  and  is  pro- 
bably not  more  than  a  half  of  the  fish :  it  measures  seven  inches  in  length,  and  rather  more  than 
two  inches  in  the  broadest  part. 

f  UfUersuchungen  Ober  die  fossilen  Susswasser  Fuche  der  tertidren  FomuUionen,  in  Leonhard 
and  Bronn's  Jahrhuckfur  Mineralogies  1852. 

;{:  See  Appendix  VIL  p.  474. 

$  Beitrdge  zur  Kenntniss  verschiedener  Reptilien  der  Vorwelt  in  the  Transactions  of  the  Kaiser- 
liche  Leopoldinisch'Carolinische  Akademie  der  Naturforscher,  vol.  xv. 
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one  nf  wliinh  is  the  end  of  the  lail :  tliere  are  no  traces  of  bones,  but  there  are  impressioni  of 
scales  arranged  in  «  diverging  t'onn  downwards,  on  each  side  of  a  ridge  i  be  calls  it  Ophi* 
dnbiut ". 

e.  Reiiuxint  of  Quadrufifds. 

Professor  Niiggerath,  in  describing  the  eighteen  difTcrcnt  beds  composing  tlie  brown-eoal 
formation  at  Pulzberg  near  Fricsdorff,  speaking  of  the  ninth  bed  from  the  surface,  says  that  there 
was  once  found  in  it  a  large  tusk  of  a  wild  boar ;  and  of  the  elerenlh  bed,  that  there  was  found 
in  it  ihe  bone  of  thp  leg  of  an  ox  in  a  very  complete  state  of  preservation,  together  with  some 
otlier  fragments  of  bones.  An  occurrence  so  important  in  the  history  of  this  formation  led  ine  to 
call  the  aitcniion  of  Professor  Noggerath  to  these  passages  in  his  memoir  ;  when  he  informed  me 
that  in  drawing  it  up  several  years  ago  he  had  inserted  several  things  on  the  autliority  of  others : 
thai  he  has  a  distinct  recollection  of  having  seen  the  bones  in  the  collection  of  a  private  indi- 
vidual in  Bonn,  which  has  since  been  dispersed,  but  that  he  did  not  see  them  himself  in  litu. 
Fanjas  St.  Fond,  in  the  memoir  above  quoted,  suys  that  a  very  old  miner  at  Lieblar  had  told  hira' 
that  lie  had  fifteen  years  before  that  time  found  a  stag's  horn  in  the  brown  coal  beds. 

Such  is  the  whole  result  of  my  inquiry  as  to  the  existence  of  the  remains  of  quadrupeda  in  the 
brown-coal  formation ;  and  unsupported  as  the  facts  are  by  any  subsequent  discoveries,  very 
tittle  reliance  can  be  placed  upon  their  accuracy. 

The  sanilHtone  day  and  lignite  deposits  above  described  constitute  what 
may  properly  be  termed  the  brown-coal  formation  of  this  district,  but  there 
is  a  small  local  deposit  which  I  have  yet  to  notice,  and  which,  if  it  belongs  to 
the  same  formation,  is  highly  important  as  regards  the  question  of  age.  In 
a  valley  behind  Godesberg  lies  the  old  monastery  of  Marienforst,  and  going 
from  thence  to  the  village  of  MufTendorf,  the  path  crosses  the  summit  of  the 
plateau;  and  here,  about  half  way  between  the  two  places,  there  are  strewed 
upon  the  surface  of  the  ground  small  blocks  of  a  white  siliceous  stone,  con- 
taining casts  of  freshwater  shells,  with  jointed  stalks  of  a  plant.  Mr.  Brassartl, 
late  keeper  of  the  University  Museum  at  Popplesdorf  near  Bonn,  conceived 
that  he  had  found  the  rock  in  situ  at  the  same  spotwhere  the  loose  blocks  occur, 
and  i  accompanied  Professor  Niiggerath  and  him  to  ascertain  \\iiether  he  was 
light  in  his  conjecture,  by  digging  round  the  mass.  Although  the  ground  was 
cleared  away  for  some  distance,  and  there  was  an  excavation  made  in  the  rock 
to  the  depth  of  two  feet,  it  is  possible  that  it  may  still  be  only  a  large  block. 
The  stone  is  of  a  dull  white  cotour,  sometimes  smoke  gray  like  flint,  generally 
of  an  earthy,  but  often  of  a  crystalline  translucent  texture :  in  some  places  it 

*  Dr.  Hibbert,  in  his  Hitlory  of  the  Extinct  Volearuu  in  the  Bat'm  of  NeuTvied,  has  given 
a  short  account  of  the  brown-coal  formation  of  the  Lower  Rhine,  which  be  says  is  drawn  up  from 
the  writings  of  the  German  geologists.  He  appears  not  to  have  seen  the  memoir  of  Professor 
GoldfuEs  above  mentioned,  for  he  says,  p.  S6,  that  the  brown-coal  contains  the  remains  of  frogs 
and  lizards  "  ttitl  living". 

t  In  Von  Moll's  Jahrbuck,  uli  tupri. 
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contains  yellow^  brown^  semi-opal^  not  to  be  distinguished  from  that  which  I 
have  described  as  occurring  in  the  quartzose  conglomerate  at  Tanzchen^  and 
like  it  passing  into  the  roammillary  structure  of  chalcedony.  It  contains 
numerous  casts  of  Planorbes^  Lymnei^  and  Paludinee^  and  jointed  stalks  of  a 
plant  I  have  examined  above  a  hundred  fragments^  to  try  to  discover  Gyro- 
gonites^  but  have  found  none.  Mr.  Lyell  informs  roe  that  M.  Deshayes^  to 
whom  he  showed  some  of  these  specimens^  found  in  them  the  three  freshwater 
shells  above  named :  he  said  that  they  do  not  look  like  modern  tertiary  shells^ 
that  the  Planorbis  appears^  as  far  as  can  be  determined  by  a  cast^  identical 
with  P.  rotundatua ;  that  the  Lymneus  seems  to  be  longiscatus,  both  occur- 
ring in  the  Paris  basin.  The  plant  is  described  by  Professor  Lindley  to  be 
fragments' of  dicotyledonous  wood  ;  and^  in  one  of  the  specimens^  there  is  a 
fragment  of  some  organic  body^  which  may  have  been  the  fruit  of  the  palm^ 
of  which  the  nucleus  is  left  entire^  and  the  fleshy  integuments  half  broken 
away. 

This  Marienforst  siliceous  rock  has  not  been  noticed  by  any  previous 
writer  on  this  district^  probably  because  it  has  not  been  long  known^  as 
nothing  of  the  kind  exists  in  any  other  part  of  the  district.  If  it  had  been  at 
one  time  an  extensive  deposit^  subsequently  broken  up^  one  could  hardly  fail 
to  find  fragments  of  it  in  the  vast  mass  of  gravel  which  covers  the  plateau; 
but  this  is  not  the  case.  On  the  other  hand,  I  know  of  no  rock  in  the  ad- 
joining country  from  which  these  blocks  could  have  been  derived ;  and  had 
they  come  from  a  distance^  it  is  not  probable  that  they  would  have  been 
confined  to  so  small  a  spot.  Although  I  do  not  mean  to  adduce  it  as  a  proof 
of  identity^  I  would  point  out  the  almost  identical  semi-opal  found  in  this 
rock  and  in  the  quartz  conglomerate  at  Tanzchen.  Upon  the  whole  I  am 
inclined  to  consider  this  as  a  small  local  deposit  belonging  to  the  same  period 
as  the  brown-coal  formation^  and  very  possibly  produced  by  some  hot  spring 
in  the  volcanic  region  holding  silica  in  solution. 

The  brown-coal  formation  is  covered  by  a  mass  of  gravel  almost  through- 
out its  whole  extent^  there  being  very  few  places  where  it  is  wanting.  It  is 
of  very  variable  thickness^  sometimes  being  only  a  thin  coverings  at  others 
as  much  4s  eighty  feet  deep ;  and  M.  Von  Dechen^  in  the  memoir  already 
quoted^  describes  a  mass  of  sand  which  he  considers  as  belonging  to  the 
gravel  in  the  neighbourhood  of  Ichendorf^  near  Bergheim^  of  125  feet  in 
thickness.  The  gravel  consists  of  rounded  fragments  of  grauwacke  and 
quartz^  the  latter  greatly  predominating^  the  pebbles  generally  small^  about 
the  size  of  a  walnut ;  but  very  often  large  blocks^  both  of  grauwacke^  quartz^ 
and  basalt  are  imbedded  in  it.    The  pebbles  are  united  by  an  argillaceous 
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sand  containing  much  iron^  so  that  the  general  colour  of  the  gravel  is  yellow, 
very  like  that  round  London.  I  have  never  found  any  other  fragments  than 
those  above  named  in  the  places  where  I  have  examined  the  gravely  but 
Professor  Noggerath  informs  me  that  he  has  found  in  it  trachyte,  transition 
limestone,  and  hunter  sandstein.  To  trace  the  history  of  this  vast  accumu- 
lation of  gravel  would  be  an  interesting  inquiry ;  but  it  would  require  a 
very  extensive  series  of  observations,  a  minute  acquaintance  with  the  rocks 
of  the  Upper  Rhine  and  the  adjoining  lands,  and  an  accurate  knowledge  of 
the  forms  and  levels  of  the  country,  before  any  satisfactory  conclusions  could 
be  attained. 

The  gravel  often  lies  immediately  upon  the  lignite  deposit,  but  frequently 
a  bed  of  clay  is  interposed.  The  following  section  is  constructed  from  the 
description  given  by  Professor  Noggerath  of  the  beds  at  Putzberg. 

Fl   In. 

1.  Loam  and  marl  (loess)  of  an  average  depth  of  2     0 

2.  Gravel   13     0 

S.  Sandy  loam    0     6 

4.  Earthy  lignite  and  bituminized  wood,  lower  part  mixed  with  day  S  0 

5.  Gray  bituminous  day,  bituminized  wood,  and  clay  iron  stone.  • .  4  6 

6.  Earthy  lignite  sad  bituminized  wood  0  6 

7.  Bituminous  brown  day 1  0 

8.  Earthy  lignite  and  bituminized  wood  0  6 

9.  Gray  plastic  day 6  0 

10.  Earthy  lignite  and  bituminized  wood 8  0  ' 

1  ] .  Highly  bituminous  and  pyritous  clay   5  0 

12.  Leafy  mass ;   chiefly  bituminized  stems,  branches  and  leaves    . .  16 

13.  Bituminized  wood 1  6 

14.  Same  as  No.  10 3  0 

15.  Same  as  No.  12 2  6 

16.  Same  as  No.  10.  and  14 1  6 

17.  Same  as  No.  12.  and  15 2  6 

1 8.  Same  as  No.  9.,  bored  into  to  the  depth  of 24  0 

79     6 
Of  which  the  lignite  beds  constitute    24     6 

In  most  places  the  lignite  rests  upon  clay,  and  below  that  come  the  sand- 
stone and  loose  sand,  the  latter  being  generally  the  lowest.  At  Roisdorf,  near 
Bonn,  the  sandstone  is  covered  by  bituminous  clay ;  and  at  Prechem,  near 
Hriihl,  thick  beds  of  clay  and  lignite  lie  upon  loose  sand.  In  many  places 
the  sandstone  occupies  the  surface,  so  that  the  clay  and  lignite  have 
either  never  been  deposited  upon  it,  or  have  been  carried  away  by  sub- 
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sequent  denudation.  At  Friesdorf  the  clay  and  lignite  beds  rest  imme- 
diately upon  the  ends  of  highly  inclined  strata  of  grauwacke.  I  have 
already  noticed^  p.  448.  the  alternation  of  trachyte  tuff  with  the  beds  of  the 
brown-coal  formation  ;  and  at  p.  441.  I  have  described  the  occurrence  at 
Quegstein  of  trachyte  tuff  lying  upon  sandstone.  I  have  also  said^  p.  443. 
that  basalt  occurs  in  connexion  with  the  brown-coal  formation :  the  place 
where  this  has  been  most  distinctly  seen  is  at  Utweiler^  on  the  north-eastern 
border  of  the  district^  about  four  miles  from  the  centre  of  the  trachytic  and 
basaltic  eruptions  of  the  Siebengebirge^  but  situated  in  a  valley  between  two 
knolls  of  basalt^  the  Rother  Hardt^  nearest  to  it^  and  the  Hinzberg^  not  very 
far  off.  I  visited  this  place  in  1832  with  Professors  Noggerath  and  Mit- 
scherlich^  to  see  the  workings  in  a  new  shaft  which  had  been  sunk  to  obtain 
the  coal.  The  former  has  lately  published  in  Karsten's  Archiojiir  Bergbau, 
&c.,  an  account  of  his  observations^  together  with  some  subsequently  made 
by  M.  Augustus  von  Strombeck^  on  this  occurrence  of  basalt  in  the  lower 
ground.  M.  von  Strombeck  drew  up  the  following  account  of  the  different 
beds  sunk  through  in  the  new  shafts : 

Ft.  In. 

1.  Soil    «     6 

t.  Loess 9     5 

3.  Basalt    SO     6 

The  upper  part  consists  of  globular  masses  in  some  degree  decomposed ;  then 
comes  a  dark  gray  compact  basalt,  containing  olivine,  augite,  and  magnetic  iron 
ore,  but  not  regularly  columnar. 

The  lower  part  of  the  mass  is  formed  of 

4.  A  compact  bluish  gray  argillaceous  stone,  a  decomposed  basalt  or  tuff,  similar  to 

what  usually  accompanies  volcanic  masses 1     S 

5.  Here  begin  the  brown-coal  beds  properly  so  called ;  an  indurated  clay  of  a  black 

colour  from  a  mixture  of  coal,  which  splits  into  prisms  about  three  inches  long, 
and  from  eight  to  ten  lines  in  diameter,  the  interstices  filled  with  crystallized  dolo- 
mite ;  a  structure  probably  occasioned  by  the  heated  mass  of  basalt  covering  it        10 

6.  Dark-coloured  clay,  containing  much  coaly  matter  'and  pjrrites,  but  neither  slaty 

nor  columnar 0     6 

It  is  remarkable  that  this  bed  should  show  no  indication  of  that  columnar 

structure  which  is  so  marked  in  the  beds  which  lie  immediately  above  and 

below  it.     A  similajr  fact  has  been  observed  in  the  Meisner. 
Then  come  the  lignite  beds,  consisting  of 

7.  Black  pitch  coal,  separating  into  prisms  of  from  an  inch  to  an  inch  and  a  half  in 

diameter,  standing  perpendicular  to  the  face  of  the  basalt  bed,  with  the  inter* 

slices  lined  with  crystallized  dolomite 1     2 

This  passes  gradually  into 

8.  A  small  coal • 4    0 


4m  9fr.H4um«»<&e  Oetlogy^rftkeMmrinmrfWmm, 

--  ...-I  .  »t.u. 

_.^)^. U|jito«4. bwOT  wtf  «»  himaiiii»ed  wood,  pmtmiig  tha  woody  taxiare 8    0 

;,   .       TMtldddoMMofGoillS&etSiBcbM.  .  ' 

In  Aa  low«r  {art  of  thii  kit  bed  occur  kidiwy-ih>ped  inuMi  of  con^Mt  d^ 


Then  comes  a  tracbj'te  tuff,  with  portions  of  hard  trachyte,  into  wfaidi  tbey 
had  sunk  to  the  depth  of  two  feet.  It  ia  here  the  usual  underiier  of  the 
brown-coat  beds,  but  it  is  also  found  lyin^  between  thenij  so  thai  it  is  yety 
possible  if  the  shaft  were  sunk  deeper,  that  this  tuff  would  be  gone  throngh, 
and  other  brown-coal  beds  be  found  below  it. 

M.  Von  Dechen  states*  that  in  the  district  of  Briibl  the  beds  lie  con- 
siderably above  the  Rhine  valley^  and  this  leems  to  be  equally  the  case  on  the 
right  bank.  It  is  worked  at  several  places  on  the  right  bank,  but  by  fiir  the 
most  considerable  mines  are  on  the  other  side  of  the  river,'  and  in  the  disbrict 
immediately  around  Briihl.  The  united  thickness  of  the  lignite  beda  in  dif- 
fer«it  situations  in  the  plateau  is  very  various,  often  too  inconsiderable  to 
be  worth  wf^dng.  It  hu  not  been  ascertained  by  actual  trial  wh^b^  they 
str^ch  quite  across  the  fl^eau,  the  mines  being  situated  on  the  east  and 
west  sides,  but  this  is  very  probably  the  case.  The  following  table  will  show 
the  thickneM  of  the  browo-coal  beds  at  different  points  on  each  side,  lyings 
east  and  west  of  each  other.  The  thickness  includes  the  clay  beds  that  may 
be  interposed  between  one  layer  of  brown-coal  and  another. 

Eatt  Side. 

Pttt. 

Walbeiberg  neai  Briibl  ....From     1SU>30 

Metzmacber 2S  to  49 

An  der  Gabgay    43 

pii^dorf sej 

Hennertgrube U  to  Si 

AltBtadter  Berg    6to60 

Gleaeler  Berg 18  to  70 

Frecbemer  Berg 19  to  55 


Lieblar From 


Zinelimaar 16  to  69 

Tumicb    10  to  60 


The  various  mines  of  brown-coal  in  the  district  give  occupation  to  about 
1200  persons.  The  coal  is  consumed  almost  entirely  by  the  poorer  classes, 
as  its  strong  peculiar  odour,  and  sometimes  sulphurous  vapours,  render  its  use 
disagreeable.  Some  of  the  harder  kinds  are  used  as  they  are  taken  from  the 
pit;  but  these  form  a  small  proportion,  and  are,  moreover,  not  so  valuable  for 
fuel :  the  greatest  part  is  used  after  it  has  been  artificially  prepared.     It  is 

*  KaTBten'a  Archie,  uti  fupra,  p.  417. 
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beat  and  trodden  after  being  well  mixed  with  water^  and  is  formed  in  shapes 
like  the  crown  of  a  small  hat^  which  are  laid  out  to  dry  like  bricks^  and  these 
when  dry  are  preserved  for  use  by  being  piled  up  under  coven  In  this  state 
they  are  called  Kliilten,  and  are  sold  on  the  ground  for  about  nine  groschen 
]per  hundred  ;  and  as  each  of  the  kliitten  weigh  about  five  pounds  when  dry^ 
the  price  is  equal  to  about  four  shillings  per  ton  *. 

The  beds  of  the  brown-coal  formation  are  generaUy  either  horizontal  or 
deviate  only  a  few  degrees  from  it.  In  the  immediate  neighbourhood  of  Ut- 
weiler^  however^  under  a  bed  of  loess  about  fourteen  feet  thick,  there  is  a  se- 
ries of  about  twenty  distinct  strata  of  clay^  distinguished  by  various  colours, 
and  containing  four  layers  of  lignite^  each  about  six  inches  thick,  which  have 
an  inclination  about  60^  S.  This  elevation  was  probably  occasioned  by  the 
eruption  of  basalt  which  is  in  the  immediate  neighbourhood.  On  the  left 
bank  of  the  Rhine,  and  near  Briihl,  near  which  no  unstratified  rocks  appear, 
there  have  been  also  considerable  disturbances  subsequent  to  the  deposition 
of  the  beds.  At  Hennersgrube,  near  the  old  monastery  of  Beuten,  the  lignite 
beds  are  suddenly  cut  off  by  a  fault  to  the  depth  of  forty-nine  feetf . 

By  referring  to  the  Map,  it  will  be  seen  that  the  brown-coal  formation  exists  to  a  considerable 
extent  within  the  volcanic  region  of  the  Siebengebirge,  especially  in  the  valley  of  Haisterbach.  It 
is  found  in  two  small  patches  in  Konigswinter  valley,  one  at  a  place  called  Kuckstein,  pretty  high 
up  in  the  ascent  to  the  Drachenfels,  where  clay  beds  are  found  ;  the  other  in  the  bottom  of  the 
vaOey  at  Quegstein  and  Tanzchen,  as  already  mentioned.  Here  the  sandstone  members  of  the 
series  only  occur,  the  quartzose  conglomerate  occurring  in  great  detached  masses,  seemingly  piled 
together.  These  probably  formed  indurated  portions  in  a  deposit  of  sand,  which  has  been  since 
washed  away,  as  has  been  often  noticed  in  sandy  beds  of  the  plastic  clay  and  other  tertiary  de- 
posits. 

In  the  southern  parts  of  this  district  the  brown-coal  formation  occupies  much  higher  situations. 
The  Papierkohle  of  Orsberg,  near  Erpel,  which  contains  the  impressions  of  reptiles  and  insects,  is 
S72  feet  above  the  Rhine ;  and  continuing  the  ascent  towards  Bruckhausen,  there  is  a  plateau  of 
about  a  mile  square,  which  seems  to  be  entirely  composed  of  the  brown  coal  formation.  At  the 
very  foot  of  the  Mendenberg,  at  Ehl  and  at  Stosschen,  there  is  a  very  extensive  deposit  of  lignite 
on  the  slope  of  the  mountain,  very  high  above  the  adjoining  valleys,  which  has  long  been  worked 
for  the  purpose  of  making  alum,  the  clay  and  lignite  being  highly  pyritous.  The  latter  splits  into 
thin  plates,  and  contains  numerous  impressions  of  leaves,  and  occasionally  those  of  insects,  and  is 
about  sixteen  feet  thick.  The  beds  occur  close  to  the  basalt ;  and  the  workmen  told  me  that  they 
rise  towards  it,  but  that  the  actual  contact  is  not  seen.   It  appears  that  formerly  four  different  beds 


*  The  pigment  called  Cologne  earth  is  prepared  from  an  earthy  lignite.  It  is  said  that  a  great 
quantity  of  the  light  pulverulent  varieties  is  sent  to  France  and  Holland,  to  be  used  in  the  adul- 
teration of  snuff. 

t  Von  Dechen,  in  Karsien^  uti  supra, 
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ofligiute  wete  wotkMl,  icparateil  from  each  oiber  by  day  and  friable  tastAuoae  *.    The  HeadoH 
berg  u  1 19B  feet  above  the  Rbioe,  and  the  lignite  beds  occur  iruliiii  300  feet  uf  the  siunmil. 

Loess. 

The  substance  to  which  this  name  is  applied  is  a  sandy  calcareous  loam  of 
a  yellowish  brown  colour,  slightly  coherent,  and  absorbing  water  with  great 
avidity.  It  is  a  deposit  which  hai  been  generally  considered  to  be  peculiar  to 
the  Rhine  valley  f ,  and  it  is  Tound,  to  a  great  eitent,  at  detached  points  on 
both  sides  of  the  river,  from  Basle  to  Uonn.  It  has  not  been  noticed  by  pre- 
vious writers  on  the  district  described  in  this  paper  with  that  attention  to  which 
its  geological  importance  entitles  it.  L«ei>3  is  specially  noticed  by  Leunhard 
in  his  Charakterislik  dcr  FeUarten,  published  in  IS'i-i,  who  has  adopted  this 
trivial  name,  given  to  it  in  the  neighbourhood  of  Basle  ^;  but  a  fuller  account 
of  it  has  more  recently  been  given  by  Professor  Bronn^,  in  his  description 
of  the  environs  of  Heidelberg,  and  from  which  I  have  put  together  the  fol- 
lowing particulars. 

ll  ii  found  on  the  aidei  of  the  hills  next  the  Rhine  valley,  and  penctraiing  into  the  side  raUeyi, 
■uch  as  that  of  the  Nechar,  Mayn  and  Lahn,  and  occurs  chiefiy  in  those  situations  nhere  the  form 
of  the  land  presented  a  barrier  against  its  being  washed  away  by  a  descending  streani.  It  is,  for 
example,  more  abundant  near  Worms  and  Oppenbeim  than  near  Heidelberg,  because  tbe  force 
of  the  Rhine  is  chiefiy  directed  there  against  its  right  bank.  It  is  found  at  vsiious  distancea  from 
the  plain  of  the  Rhine,  as  much  as  nine  miles,  and  it  is  in  some  places  600  feet  above  tbc  level  of 
the  tea. 

One  hundred  parts  of  that  near  Heidelberg  yielded  50  per  cent,  of  siliceous  sand,  18|  of 


*  Von  OeynbauKD  and  Von  Dechen  in  Hertka,  vd.  »L  1628. 

t  In  tbe  lynopiH  of  tbe  niceetMve  depodti  m  tbe  barin  of  Vienna,  given  b;  Mr.  Mdrdiiwii, 
tbe  nppensort  ia  deacribed  to  be  "  Afluiial  loam,  called  Lin,  with  teneatrial  sbella  of  exiMkig 
*>apedef,  (of  tbe  genenPnpa,  Helix,  and  Succinet,)  unxed  trith  bonea  of  elepbanti  of  extinct^ 
"  ciea.  Tbe  avenge  thiclmeta  of  thit  depoait  ia  abont  00  feet,  but  at  WHse  places  the  fhirbnwi  v 
"  nrach  greater,"  Fortber,  "It  ia  greatly  expended  near  Krema  and  Sl  Polten,  reacbing  occano*- 
*  aRjr  the  tbiclmeu  of  140  feet,  and  having,  near  tbete  idacwe,  tbe  exact  appearance  of  die  old  aDe- 
M  Tial  hillocka  in  the  valley  of  the  Rhine,  which  have  been  described  bjr  M.  Volu." — OaetagM 
Trantaetioiu,  vol.  iii.  pp.  40S,  40A. 

Loesa  ia  said  to  occiit  also  in  tbe  valleya  of  tbe  Oaroane  and  the  Allier — Roset,  JovniU  Je 
Ghlogit,  i.  B7. 

{  It  ia  mentioned  by  the  name  of  Brita  by  Steininger  in  his  Nme  Beitrage  aar  GaKhkkU  der 
RhttnUchen  Vvlkane.  18S1.  6va. 

%  Gaa  HeidelbergeTuit,  oder  Mtneratoguehe  Beiehnibtrng  der  Gegend  wn  Heidelberg.  1830. 
See  also  Volta,  Ueberticht  der  Mineralogie  der  betden  Rkein-Deparlemente ;  and  Rozet,  Sur  U 
Diluvium  de  la  l^alUe  du  Rhin,  in  Journal  de  Geologie,  vol.  i. 
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arginaceoui  earth,  nearly  92  of  carbonate  of  lime,  a  trace  of  magnesia,  and  it  was  coloured  by  iron 
and  manganese. 

In  the  immediate  vicinity  of  the  primary  mountains  it  has  a  somewhat  different  character,  being 
more  sandy,  and  containing  mica. 

The  loess  does  not  contain  what  can  properly  be  called  petrifactions,  but  a  vast  number  of  cal- 
cined land-shells  of  living  species,  more  usually  in  the  upper  than  in  the  lower  parts  of  the  deposit, 
and  they  seem  to  belong  to  particular  horizontal  beds.  There  have  been  found  near  Heidelberg 
the  following  species :  Helix  pomatuii  H.  nemwalis^  H.  harteiuiSf  H.  Uspida,  H.  erketarum^  Bu^ 
Umu*  radiatus,  B.  lubricus^  Lymnew  ovatus.  Some  years  ago,  the  lower  part  of  an  elephant's  tusk 
was  found  near  Weinbeim,  at  an  elevation  of  100  feet  above  the  Rhine,  and  some  fragments  of 
elephants'  gprinders  had  been  previously  found  at  a  little  distance  from  the  same  spot. 

It  is  found  lying  on  granite,  porphyry,  red  sandstone,  muschelkalk,  keuper,  and  lias,  and  near 
Oppenheim  on  grobkalk  (calcaire  grossier). 

The  greatest  elevation  at  which  I  have  seen  loess  in  the  district  described 
in  this  paper  is  near  Erpel^  above  Orsberg,  where  it  lies  upon  the  brown-coal 
formation^  a  height  which  is  fiilly  400  feet  above  the  Rhine*;  and  it  occurs^ 
at  about  200  feet  high^  near  Steinsbusch^  above  Honnef. 

A  very  extensive  deposit  of  it  may  be  seen  at  the  Bruckersberg,  near  Rhondorf,  immediately  south 
of  the  Drachenfels,  where  it  forms  an  irregular  mass  from  three  to  twenty-five  feet  thick,  and  covers 
trachyte  and  grauwacke,  as  represented  in  the  wood-cut,  p.  440.  It  is  found  at  Quegstein  in  the 
valley  of  Konigs winter,  covering  trachyte  tuff,  and  near  Paffroth  and  Ober  Dollendorf,  on  the  slope 
of  the  Petersberg,  covering  grauwacke.  Between  Ober  Dollendorf  and  Haisterbach  it  lies  upon 
grauwacke,  covering  the  summit  of  a  ridge  over  which  the  road  passes,  in  the  side  of  the  valley 
leading  to  the  Stenselberg,  and  at  Roth  Kreuz,  covering  trachyte  tuff.  It  is  found  in  the  narrow 
valley  which  opens  at  Ober  Cassel,  and  covering  basalt  at  a  considerable  elevation  on  the  Raben- 
lei.  It  occurs  also,  to  the  depth  of  fourteen  feet,  near  Utweiler,  covering  basalt.  These  are  the 
places  where  I  have  seen  it  on  the  right  bank  of  the  Rhine ;  but  it  is  met  with,  no  doubt,  in  many 
others.  On  the  left  bank  a  narrow  ridge  of  it  runs  in  a  south-east  direction  from  Bonn  for  about 
three  miles ;  and  it  is  seen  in  the  high  bank  of  the  river,  covering  the  gravel  of  the  Rhine  plain, 
the  surface  of  which  is  deeply  channelled,  the  loess  filling  up  the  furrows.  It  is  seen  on  the  north- 
western slope  of  the  Kreuzberg,  in  the  valley  between  the  Kreuzberg  and  Venusberg;  in  a  valley 
behind  Godesberg,  near  Marienforst ;  to  a  considerable  extent  near  Lannesdorf,  where  very  deep 
cleAs  are  cut  m  it ;  and  it  skirts  the  northern  and  eastern  sides  of  the  volcano  of  the  Roderberg. 
Above  Rolandseck  there  is  a  quarry  of  grauwacke,  and  upon  the  ends  of  the  elevated  strata  of 
that  rock  lies  gravel  covered  by  loess.  The  basaltic  columns  in  the  quarry  opposite  to  Unkel  are 
covered  by  it  at  a  very  great  height  above  the  river,  and  where  it  is  nearest  to  the  basalt  it  con- 
tains rounded  fragments  of  that  rock.  It  is  here,  as  elsewhere,  an  unstratified  mass,  which  seems 
to  have  filled  up  deep  furrows  and  irregularities  of  the  preexisting  surface.  The  absence  of  all 
signs  of  stratification  is  universal  in  this  district.  At  Unkel  it  contains  a  considerable  quantity  of 
calcareous  concretions. 


*  Dr.  Hibbert  says  that  at  Monrepos,  in  the  neighbourhood  of  Neuwied,  about  ten  n?iles  south 
of  this  spot,  and  on  the  same  side  of  the  river,  loess  occurs  at  a  height  of  600  feet  above  the  Rhine ; 
— History  of  Extinct  Volcanos,  Btc,  p.  205. 
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The  following  are  the  shells  which  I  have  found  in  it  in  this  district :  they 
were  named  by  Professor  Goldfuss.  Helix  pomatia,  H.  nemoralis  Linn., 
H.  arbustorum  Linn.^  H.  hispida  Linn.^  H.  ptUchella  Drap.^  H.  incamata 
Drap.^  H.  glabella  Pfeiff.>  Lnfmneus  minutus  Drap.^  Pupa  muscorum  Linn., 
P.  umdentata  Pfeiff.^  Bulimua  radiatus  Drap.,  Clausilia  oblusa  Pfeiflf. 

Bones  of  Elephaa  primigenius  and  Rhinoceros  tichorhinus  have  been  found 
in  the  loess  which  covers  the  basalt  in  the  Unkel  quarry.  In  that  near 
Lannesdorf  I  found  a  fragment  of  a  rib  belonging  to  an  animal  of  the  size  of 
a  horse  or  ox^  and  I  obtained  from  the  neighbourhood  of  Ober  Dollendorf  a 
few  bones^  which  upon  showing  to  my  friend  Dr.  Miiller^  Professor  of  Ana- 
tomy at  Berlin^  he  considered  to  belong  to  the  lower  jaw  of  a  young  individual 
of  a  species  of  deer. 

It  is  remarkable  that  such  a  deposit  should  be  almost  devoid  of  all  vegetable 
remains.  They  are  not  noticed  by  Professor  Bronn  and  other  writers^  and  I 
have  never  found  any*. 

ValUy  of  the  Rhine. 

The  Rhine^  from  Linz  downwards^  flows  through  a  deep  deposit  of  gravel, 
with  the  exception  of  about  three  miles  on  the  left  bank,  between  Remagen 
and  Rolandseck^  where  the  hills  come  nearly  to  the  water's  edge,  and  the 
grauwacke  strata  appear  in  the  side  and  channel  of  the  river.  The  gravel  is 
composed  for  the  most  part  of  grauwacke  and  quartz,  but  the  former  predo- 
minates. It  is  very  distinct  in  its  character  from  that  which  covers  the  brown- 
coal  beds  on  both  sides  of  the  river,  in  which  quartz  is  the  prevailing  material, 
and  which  is  usually  of  a  bright  yellow  colour,  from  an  admixture  of  oxide  of 
iron,  which  I  have  never  found  to  be  the  case  in  the  gravel  of  the  plain,  deep 
sections  of  which  are  shown  in  pits  in  several  places  distant  from  the  river.  It 
is  of  an  unknown  depth ;  wells  which  have  been  sunk  sixty  feet  have  not . 
passed  through  itf . 

The  plain  which  spreads  out  on  both  sides  from  the  gorge  near  Rolandseck, 
has  by  no  means  an  uniform  flat  surface ;  there  are  long  low  ridges  in  the 
direction  of  the  stream,  but  not  parallel  to  its  present  bed,  which  seem  to  indi- 
cate that  the  Rhine,  previous  to  the  historical  epoch,  had  occupied  a  different 
channel  from  that  in  which  it  now  flows :  that  at  one  time  its  course  was  ver\ 
near  the  foot  of  the  ridge  from  Ober  Cassel  to  Kiidinghoven,  and  at  another 
time  close  under  the  brown-coal  plateau  on  the  left  bank,  westward  of  Bonn. 
The  situation  of  Cologne,  founded  in  the  early  part  of  the  first  century,  proves 
that  it  has  flowed  in  its  present  course  tor  at  least  eighteen  hundred  years. 

•  See  Appendix  VIII.  p.  471.  t  ^^^  Appendix  IX.  p.  478. 
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Mineral  Waters. 

There  are  three  springs  of  some  celebrity  ;  at  Roisdorf  and  Godesberg  near 
Bonn^  and  at  Heppingen  near  Landskron^  in  the  valley  of  the  Ahr.  They  are 
cold^  and  contain  a  considerable  quantity  of  carbonic  acid  gas.  Their  con^ 
tents^  according  to  analyses  which  have  been  published^  are  as  follow  : 

Roisdorf*,  1*37  volume  of  carbonic  acid  gas  : 

Carbonate  of  soda    7*86 

Sulphate  of  soda  •  • 4*78 

Muriate  of  soda 1 9*01 

Phosphate  of  soda  0*06 

Carbonate  of  lime    2*81 

Carbonate  of  magnesia S'9B 

Iron,  alumina,  and  silica,  about *27 

S8-77  in  10,000  parts. 

Godesberg  fy  about  16  cubic  inches  of  carbonic  acid  gas  in  a  pound  of  the  water,  and 

Carbonate  of  soda 7*00  grains. 

Carbonate  of  magnesia   3*32 

Carbonate  of  lime    2*70 

Muriate  of  soda 1  *33 

Carbonate  of  iron    '75 

15*10  in  1  lb. 

Heppingen ;{;,  80  cubic  inches  of  carbonic  acid  gas  in  100  cubic  inches  of  water,  and  one  pound  of 

water  yielded 

Carbonate  of  soda • 6*20 

Carbonate  of  magnesia    2*40 

Muriate  of  soda 3*00 

Sulphate  of  soda 2*10 

Carbonate  of  lime   1*30 

15*00 

No  mineral  waters  appear  to  have  been  found  within  the  region  of  the  Sie- 
bengebirge  §  ;  and  no  water  from  which  any  calcareous  deposit  has  been  pro- 
duced exists  in  any  part  of  the  district :  there  seems^  indeed^  to  be  an  entire 
absence  of  limestone  in  any  form. 

*  Bischof,  Die  Mineralquellen  zu  Roisdorf,  Bonn,  1826. 

t  Wurzer,  in  Harless,  Gesundbrunnen  in  Grosherzogthum  Nieder  Jihein.  1826. 

X  Funke,  in  Harless,  uti  supra. 

§  Harless,  uti  suprd.. 
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Of  the  relative  Ages  of  the  Sedimentary  Rocks. 

The  oldest  of  these  is  the  gprauwacke^  and,  as  I  have  akeady  said,  it  has 
every  appearance^  in  the  more  northern  part  of  the  district  at  least,  of  belong- 
ing to  the  latest  periods  of  that  formation.  The  whole  series  of  the  secondary 
rocks^  from  the  gprauwacke  to  the  chalky  inclusive^  is  wanting ;  not  a  trace  of 
them  is  to  be  found  m  situ  in  any  part  of  the  district  *. 

This  brown*eoal  formation  has  been  hitherto  hekl  by  those  who  believe  in 
the  universality  of  tertiary  formations^  according  to  the  types  in  the  Paris  ba- 
sin^ as  belonging  to  the  plastic  clay ;  but  on  what  grounds  I  have  not  seen 
stated.  The  clays^  sands^  sandstones^  clay  ironstone^  pyrites  f ^  gypsum^  and 
the  lignite  itself,  when  without  a  recognisable  organic  structure^  prove  nothing 
as  to  age^  for  all  these  are  found  in  formations  much  earlier  and  much  later 
than  the  plastic  clay.  We  can  found  no  safe  reasoning  upon  any  other  ground 
than  upon  a  comparison  of  the  organic  remains  with  those  in  other  deposits. 

The  Flora  of  the  several  brown-coal  or  lignite  deposits  has  not  yet  been 
explored  by  a  botanist  of  authority^  with  the  exception  of  the  short  notices  we 
have  received  from  M .  Adolphe  Brongniart.  It  is  to  be  hoped  that  in  the 
future  progress  of  his  valuable  general  work  he  will  direct  his  special  attention 
to  this  branch  of  his  subject  In  his  Prodrome  d'une  Histoire  des  Vegetaux 
Fossiles,  published  in  1828,  he  says,  ''From  all  I  have  yet  seen  I  do  not  be- 
''  lieve  that  a  single  distinctly  dicotyledonous  leaf  h^is  ever  been  found  in  any 
''  formation  older  than  the  chalk.  Future  researches  may  prove  the  existence 
"  of  such  vegetable  productions  in  the  secondary  periods,  but  it  is  at  least  cer- 
''  tain  that  they  are  extremely  rare,  and  that  they  did  not  begin  to  be  very  nu- 
''  merous  until  the  period  which  succeeded  the  deposition  of  the  chalk."  (p.  148.) 
In  speaking  of  the  lignite  formation,  including  those  of  the  molasse  and  plastic 
clay,  he  says,  ''This  formation  is  one  of  the  richest  in  vegetable  remains,  but 
"  it  is  however  very  rare  to  find  them  in  such  a  state  of  preservation  that  they 
"  can  be  determined  with  any  degree  of  precision  ;  or  they  belong  to  classes  of 

*  M.  Alex.  Brongniart  has  been  much  misinformed  when  he  says,  "  Les  masses  immenses  de 
**  lignite  terreux  de  Bruhl  et  de  Liblar,  ne  peuvent  etre  placees  que  sur  la  crate  tit/au,  qui  est  la  roche 
''  fondamenlale  de  cc  pays.'* — Descr,  Mm.  des  Environs  dc  Paris,  345  ;  and  Diet,  des  Sciences  Natu- 
'•  relics,  art.  Lignite,  p.  386. 

t  M.  Alex.  Brongniart  says,  ^^  Les  terrains  thalassiques  ne  coniiennent  mcme  an  dessus  des  m- 
^'  giles  plastiques  aucun  sulfure  metallique  en  quantite  notable.'* — Tableau  des  Terrains,  p.  120.  Wen 
there  no  exceptions  to  this  rule,  the  existence  of  pyrites  would  become  a  valuable  document  for 
the  determination  of  the  ages  of  deposits  ;  but  the  London  clay  abounds  in  pyrites. 
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• 

**  plants  in  which  the  power  of  determination  becomes  much  more  difficult.'- 
(p.  205.)  He  only  alludes  to  the  brown-coal  of  this  district,  by  naming  among 
the  Palms  '^  Cocos  Faujasii,'*  and  under  Monocotyledons  of  uncertain  families 
'^  Endogenites  ";  both  fi:om  Liblar.  M.  Alex.  Brongniart^  who  has  entered 
more  fully  into  the  subject  of  lignite  than  any  other  systematic  writer  I  have 
met  with,  both  in  a  special  article  on  lignite  in  the  Dictionnaire  dea  Sciences 
NatureUes,  and  in  his  Tableau  des  Terrains,  assigns  this  deposit  to  the  plastic 
day  ;  but  it  is  obvious  that  he  has  not  visited  the  spot  himself,  and  that  what 
he  says  about  it,  as  well  as  the  above  notice  of  it  by  his  son,  is  taken  in  great 
part  from  the  memoir  of  Faujas  St.  Fond,  above  quoted,  who  thirty  years  ago 
Tisited  the  Liblar  mine  only,  and  in  whose  memoir  everything  that  relates  to 
organic  remains  is  for  from  satisfactory,  in  so  far  as*  regards  observations  on 
the  spot  by  the  author  himself 

Now  although  the  leaves  of  dicotyledonous  trees  may  settle  the  question  of 
this  lignite  deposit  being  superior  to  the  chalk,  they  do  not  fix  it  to  any  parti^ 
cular  epoch  of  the  tertiary  period,  unless  it  can  be  shown  that  they  have  an 
equally  limited  range ;  and  it  has  not  yet  been  ascertained  what  species  of  di* 
cotyledonous  leaves  are  peculiar  to  the  earlier,  what  to  the  later  beds  of  the 
tertiary  series,  and  whether  there  be  any  common  to  all.  So  far,  therefore, 
the  present  state  of  our  knowledge  of  the  fossil  botany  of  the  deposits  above  the 
chalk  does  not  afford  any  sure  criterion  for  determining  the  age  of  a  bed. 

The  usual  and  most  exact  medium  of  identification,  by  the  remains  of  mol- 
luscous animals,  entirely  fails  in  this  case ;  for,  with  the  exception  of  the  sili- 
ceous mass  or  blocks  at  Marienforst,  not  a  single  shell  of  any  description  has 
been  found  in  any  part  of  this  brown-coal  formation*.  Now  these  are  abun* 
dant  in  the  lignite  deposits  of  the  Paris  [basin,  of  Soissons,  of  those  in  the  mo- 
lasse  of  Switzerland,  and  in  the  great  deposit  in  the  valley  of  the  Inn  at  Ha- 
ring,  which  may  be  taken  as  types  for  comparison ;  and,  moreover,  in  all  of 
these,  marine  shells  are  more  or  less  mixed  with  those  of  fresh  water.  So  far, 
therefore,  all  proofs  of  similarity  fail ;  nor  do  we  derive  any  aid  from  superior 
beds,  as  these  are  entirely  wanting  in  this  district.  We  are  thus  limited  to 
the  evidence  which  can  be  derived  from  the  remains  of  fish,  insects,  reptiles, 
and  the  Marienforst  shells. 

Although  found  in  considerable  abundance,  one  species  of  fish  only  has 
been  met  with  in  this  brown-coal  formation,  the  Leuciscus  papyraceus  of 
Agassiz,  and  that  belongs  to  firesh  water.  Now  in  none  of  the  great  lignite 
deposits  above  mentioned  have  the  remains  of  fish  of  any  kind  been  yet 

•  See  Appendix  V.  p.  473* 
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stated  to  have  occurred ;  but  Mr.  Agassiz  mentions  that  several  species  of  the 
genus  Leuciscus  are  found  in  the  beds  of  (Eningen. 

With  regard  to  the  remains  of  Frogs,  they  do  not  appear  to  have  been 
known  to  exist  in  a  fossil  state  previous  to  the  memoir  of  Professor  Goidfijss 
on  those  found  in  the  papierkohle  of  this  district ;  for  Cuvier  says,  under  the 
head  Des  Ossemens  de  Balraciens,  "  Je  crois  qu'il  n"y  a  de  certain  que  ceux 
"  des  carrieres  si  problematique  d'ffiningen  *  ; "  and  here  he  does  not  allude  to 
Ran^e.  Mr.  Murchison,  however,  in  his  late  memoir  on  (Eningen,  when 
speaking  of  the  collection  of  fossils  from  that  place  in  the  museum  at  CarUruhe, 
says,  "  I  observed  specimens  of  Rana  and  Testudo."  I  have  had  no  means 
of  ascertaining  whether  the  same  species  of  Salamander  exists  at  (Eningen 
with  that  found  in  our  papierkohle;  but  Professor  Goldfuss  informs  me  that 
the  Salamander  Ogj/gia  is  scarcely  to  be  distinguished  from  the  living  species. 

The  insects  in  the  papierkohle  are  another  distinctive  character  of  this 
brown-coal  formation,  tor  no  such  occurrence  has  been  mentioned  in  any  of 
the  other  great  lignite  deposits  above  alluded  to,  and  two  of  those  found  in 
the  papierkohle  also  occur  at  CEningen,  viz.  Anthrax  and  Cerainbyx. 

It  is  impossible  to  decide  whether  the  siliceous  ma8<i  of  Marienforst  belongs 
to  the  lower  or  the  upper  part  of  the  brown-coal  formation,  but  the  quartzose 
sandstones  are  always  found  in  the  lower  part.  As  far  as  casts  enable  one  to 
decide,  and  these  only  are  met  with,  the  species  Planorbis  rotundatuB  and 
Lymneus  longiscalus  have  been  made  out  by  M.  Ueshayes.  Mr.  Lyell 
enumerates  them  in  his  Tables  of  shells,  constructed  on  the  authority  of 
M.  Deshayes,  as  occurring  in  his  Eocene  and  Miocene  periods,  and  not  in  the 
Pliocene. 

It  thus  appears  that  there  is  no  evideace  to  prove  that  this  browD-coal  for- 
mation belongs  to  the  period  of  the  plastic  clay/and  all  thephaenomenaseeoito 
assign-  it  to  a  more  recent  period,  and  tbey  prove  it  .to  be  of  purely  lacustrine 
origin.  It  seems  to  have  been  deposited  in  a  vast  inland  lake  of  fresh  watery  fed 
by  some  great  river  or  rivers,  which  brought  the. sand  and  clay  and  wood,  that 
subsided  gradually  to  the  bottom ;  and  the  perfect  state  of  preservation  of  sone 
delicnte  leaves  shows  also  that  the  lake  was  surrounded  by  trees  or  shrubs. 

I  have  been  thus  particular  in  endeavouring  to  fix  the  age  of  the  brown-coal 
formation,  not  only  on  account  of  the  great  extent  and  importance  of  the 
deposit  in  itself,  but  because  it  affords,  as  I  shall  presently  show,  a.  criterion 
for  judging  of  the  period  when  the  unstratified  rocks  of  the  Siebengebirgc 
were  ejected, 

'  Cuvier,  Otsemeiu  FottiUi,  torn.  v.  p.  S85. 
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Of  the  relative  Ages  of  the  Volcanic  Rocks  to  each  other  and  to  the  Sediment 

tary  Rocks. 

The  trachyte  tuff  appears  to  roe  to  be  the  oldest  of  the  volcanic  eruptions^ 
for  it  has  nothing  of  the  character  of  having  been  derived  from  preexisting 
trachytes^  and  it  is  traversed  by  a  dike  of  trachyte^  as  I  have  described  at 
p.  439.  This  is  quite  in  accordance  with  what  takes  place  in  active  volcanos^ 
where  nothing  is  roore  common  than  for  an  eruption  of  ashes  to  precede  that 
of  a  stream  of  lava ;  and  it  is  also  in  accordance  with  what  has  taken  place  in 
another  part  of  this  district^  at  Siegburg,  where  dikes  of  basalt  traverse  basaltic 
tuff.  The  masses  of  solid  trachyte  contained  in  the  tuff  are  not  fragments, 
but^  as  was  observed  to  me  by  Professor  Mitscherlich  while  we  were  ex- 
amining together  the  trachyte  tuff  of  the  Konigswinter  HoUe^  are  similar  to  the 
bombs  we  had  found  in  such  abundance  in  the  ashes  of  the  volcanos  of  the 
Eifel^  and  which  are  of  frequent  occurrence  in  the  ashes  of  active  volcanos*. 
They  oflen^  it  is  true^  resemble^  nay^  are  almost  identical  with^  the  trachyte  of 
the  adjoining  hiUs^  but  they  are  very  frequently  of  a  kind  unlike  any  found  en 
masse.  That  there  may  be  some  secondary  trachyte  conglomerates  is  very 
probable ;  indeed  I  am  inclined  to  consider  that  variety  at  Ober  Cassel^  con- 
taining portions  of  basalt  and  balls  of  clay  ironstone^  as  having  been  derived 
from  preexisting  trachyte  and  trachyte  tuff. 

Previous  writers  on  this  district  have  said  that  they  were  unable  to  point 
out  any  difference  of  age  between  the  trachyte  and  the  basalt  I  presume^ 
therefore^  that  the  dike  of  amygdaloidal  basalt  which  traverses  the  trachyte  in 
the  Keilsbrunnen  quarry  must  have  been  only  lately  exposed^  for  that  is  de- 
cisive of  the  question.  Another  proof  of  the  basalt  being  more  modern  than 
the  trachyte  is^  that  the  trachyte  tuff^  except  in  the  case  of  that  at  Ober  Cassel 
above  alluded  to^  never^  as  far  as  my  observations  and  information  go^  con- 
tains any  detached  masses  of  basalt.  There  is^  besides,  no  instance  of  a  tra- 
chyte dike  traversing  basalt,  but  many  of  the  latter  traversing  trachyte  tuff. 

That  the  trachyte  and  basalt  are  later  than  the  grauwacke  requires  scarcely 

*  Mr.  Poulett  Scrope  in  describing  the  trachyte  tuff  of  the  Ponza  Isles  (which  he  calls  conglo- 
merate,) mentions  the  occurrence  of  numerous  "  fragmentary  blocks"  in  it,  and  says, ''  None  of  the 
fragments  are  water- worn,  and  they  all  have  evidently  been  enveloped  in  the  base  immediately  upon 
their  ejection  by  the  volcanic  impetus."  He  also  shows  that  eruptions  of  solid  trachyte  have  taken 
place  subsequently  to  the  ejection  of  the  tuff:  "  this  rock  [prismatic  trachyte]  bears  on  most  points 
the  appearance  of  having  forced  its  way  upwards  by  cutting  through  the  incumbent  conglomerate 
in  various  directions,  and  occasionally  of  having  spread  laterally  over  iU^'-^eological  Transact 
turns.  Second  Series,  ii.  20S  and  206. 

VOL.  IV. — SECOND  SERIES.  3  P 
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to  be  mentioned ;  the  numerous  fragments  of  it  included  in  the  volcanic  rocks^ 
&nd  the  basalt  rocks  traversing  it^  remove  all  doubt.  The  great  disturbance 
of  the  grauwacke  strata  in  the  neighbourhood  of  the  trachyte  and  basalt  may 
have  been  produced  by  their  eruption. 

It  is  clear  that  volcanic  eruptions  took  place  during  the  deposition  of  the  beds 
of  the  brown-coal  formation. 

Trachyte  tuff  covers  the  sandstone  at  Quegstein^  alternates  with  clay  and 
day  ironstone  in  the  neighbourhood  of  Rott  and  Utweiler^  contains  fragments 
of  wood  at  the  Langenberg,  and  leaves  of  trees^  identical  with  those  found  in 
the  papierkohle  and  sandstones^  at  Scheuern  and  Ofenkulenberg*.  The  basalt 
tuff  of  Siegburg  contains  fragments  of  wood^  bituminized  and  penetrated  by 
iron^  not  to  be  distinguished  from  that  found  in  the  lignite  deposits.  In  con- 
formity with  what  has  been  said  of  the  more  modern  age  of  the  basalt^  we 
find  it  at  Utweiler  lying  over  the  brown-coal  beds  to  the  depth  of  thirty  feet; 
and  no  fragments  of  basalt  occur  in  any  of  the  beds  of  the  brown-coal  forma- 
tion^ as  far  as  I  have  been  able  to  ascertain.  Besides  the  instance  of  alternate 
beds  mentioned  above^  the  trachyte  tuff  in  many  places  shows  an  arrangement 
that  could  only  have  been  produced  by  the  materials  being  moved  under  the 
surface  of  water. 

All  these  facts  seem  to  me  to  prove  that  volcanic  eruptions  were  going  on 
in  a  freshwater  lake^  in  the  same  manner  as  wc  have  submarine  eruptions  at 
the  present  day,  during  the  time  that  the  brown-coal  beds  were  in  the  course 
of  being  deposited.  It  is  probable,  however,  that  all  the  volcanic  rocks  we 
now  see  were  not  ejected  at  that  period,  but  that  subsequent  eruptions  took 
place  which  heaved  up  the  Siebengebirge  and  the  cones  to  the  south,  carrying 
up  the  brown-coal  beds  along  with  them,  in  some  instances,  as  at  Stosscben, 
to  the  height  of  nine  hundred  feet  above  the  present  surface  of  the  Rhine; 
the  same  action^  probably,  heaving  up  the  plateau  on  the  left  bank  of  the  river, 
although  with  a  less  degree  of  force,  as  the  basaltic  outbursts  on  that  side  are 
comparatively  on  a  limited  scale.  The  great  fault  in  the  brown-coal  beds, 
described  p.  459,  indicates  a  powerful  and  sudden  disturbing  force.  It  would 
appear,  also,  that  the  great  mass  of  gravel  which  covers  the  brown -coal  beds 
had  been  strewed  over  them  previous  to  this  elevation,  for  it  is  found  on  both 
sides  of  the  Rhine  at  a  great  height,  and  never  in  the  intermediate  plain,  the 
gravel  of  which,  as  far  as  my  observations  go,  has  quite  a  distinct  character. 

I  have  endeavoured  to  obtain  some  distinct  evidence  as  to  the  relative  age 
of  the  volcanic  eruption  of  the  Roderberg,  described  p.  447,  the  whole  cha- 
racters of  which  are  very  different  from  anything  in  the  Siebengebirge.    1 

*  See  Appendix  X.  p.  478. 
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have  not  been  able  to  find  anything  more  precise  than  that  the  loesis  at  iti 
base  contains  portions  of  scoriaceous  basalt^  and  that  a  mass  of  the  same  gravel 
v?hich  covers  the  brown -coal  formation^  occurring  at  the  edge  of  the  crater^ 
lies  under  a  dark  volcanic  tuff^  or  indurated  mud.  Dr.  Hibbert  states  that  in 
the  road  from  Andernach  to  Frauenkirchen  he  saw  a  section  where  a  bed  of 
pumice^  twenty*one  feet  ihick^  lies  over  a  fine  loess  from  forty-five  to  forty-* 
eight  feet  thick^  and  a  coarser  loess  eighteen  feet  thick :  he  mentions  other 
places^  which  show  that  the  volcanos  in  the  Lower  Eifel  were  in  activity 
subsequently  to  the  deposit  of  the  loess^  and  it  is  probable  that  this  was 
also  the  case  of  the  Roderberg*. 

Of  the  relative  Age  of  the  Loess* 

This  remarkable  deposit^  abounding  in  terrestrial  and  fluviatile  shells  of  ex- 
isting species^  and  containing  in  many  places^  some  of  which  are  more  than 
two  hundred  feet  above  the  Rhine^  bones  of  extinct  species  of  the  elephant 
and  rhinoceros^  rests  at  Bonn^  as  it  does  at  Strasburg^  upon  a  deep  mass  of 
that  same  gravel  through  which  the  Rhine  flows  in  the  greater  part  of  its 
course  from  Basle.  It  is  the  latest  deposit  found  in  this  district  prior  to  the 
commencement  of  the  recent  period. 

It  is  difficult  to  conceive  how  it  should  have  been  produced^  except  by  some 
vast  floods  which,  if  no  elevations  or  subsidences  of  the  land  have  since  taken 
place^  must  have  been  of  the  depth  of  at  least  six  hundred  feet^  and  several 
miles  in  breadth^  and  so  densely  charged  with  mud  as  to  leave  behind^  at  an 
elevation  of  two  hundred  feet^  masses  covering  hundreds  of  acres^  two  hundred 
and  fifty  miles  distant  from  the  spot  where  its  first  traces  are  to  be  seen^  simi-' 
lar  masses  occurring  at  intervals  not  far  asunder  during  the  whole  of  that 
course.  That  it  was  a  sudden  inundation^  and  that  the  loess  was  not  gradually 
and  tranquiUy  deposited  from  stagnant  water  is  probable^  from  there  being  no 
signs  of  stratification^  by  its  containing  the  remains  of  land  and  fluviatile  shells, 
and  of  land  animals  only^  and  by  the  great  rarity  of  vegetable  remains  in  it. 
That  plants  and  trees  were  not  swept  along  by  such  a  flood  is  extremely  im- 
probable; but  they  would  obviously  not  sink  in  so  dense  a  fluids  hurried  along 
with  such  a  velocity  as  that  with  which  it  must  have  moved.  Had  there  been 
a  gradual  subsidence^  not  only  would  there  have  been  stratification^  but  beds 
of  lacustrine  and  fluviatile  shells^  and  abundance  of  leaves  and  other  vegetable 
remains.  We  must  ascribe  such  a  flood  to  the  sudden  bursting  of  the  barrier 
of  a  vast  lake^  the  volume  of  water  rushing  over  a  great  extent  of  land^  and 

*  See  Appendix  XI.  p.  478. 
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becoming'  charged  as  it  rolled  along  with  the  earthy  contents  it  afterwards  de- 
posited in  the  lower  part  of  its  course.  VVe  know  that  in  the  upper  part  of 
the  Rhine  valley,  between  the  lake  of  Constance  and  Basle,  there  must  have 
existed  at  one  time  a  vast  freshwater  lake,  where  the  great  deposits  of  lime- 
stone  and  marl  at  (Eningcn  took  place,  forming  a  mass  of  horizontal  beds, 
six  hundred  feet  thick,  counting  from  the  present  bed  of  the  Rhine.  That 
the  discharge  of  the  waters  when  these  CEningen  beds  were  laid  bare  was 
that  which  brought  down  the  loess  is,  perhaps,  even  a  conjecture  too  hazardous 
from  one  who  has  never  been  near  the  spot.  To  give  a  history  of  the  loess  in 
the  valley  of  the  Rhine,  by  a  careful  examination  of  its  composition,  organic 
remains,  its  form  of  deposition  and  levels,  and  to  trace  it,  if  possible,  to  its 
source,  would  be  a  most  interesting  subject  of  inquiry,  and  could  not  &il  to 
prove  a  valuable  contribution  to  geological  science. 

It  was  my  intention  to  have  compared  this  district  with  the  great  Irachytic 
eruptions  of  Hungary  and  Central  France,  but  I  found  that  to  do  so  to  any 
useful  purpose,  I  must  have  entered  into  details  which  would  have  extended 
this  paper  beyond  all  reasonable  bounds*. 

Table  of  Heights. 

The  following  heights  are  extracted  from  a  Table  of  barometrical  mea- 
surements, by  M.  Moliere  of  Saarhruch,  Civil  Engineer,  a  manuscript  belong- 
ing to  the  Council  of  Mines  at  Bonn. 

The  measurements  are  in  Paris  feetf,  above  the  mean  height  of  the  surfeee 
of  the  Rhine  at  Bonn,  which,  according  to  Van  der  Wyck,  is  193  English 
feet  above  the  level  of  the  sea.  I  have  classed  them  according  to  the  nature 
of  the  rock  at  each  place. 


•  See  Appendix  XIL  p.  479. 

f  1  Paris  foot  =  1-0656  English ;  so  that  addiog  -iVth  part  of  the  height 
very  nearly  the  exact  height  in  English  feet. 
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Graumacke, 


Feet 


Greatest  height  to  which  it  rises  on  south 
slope  of  Mendenherg  ••••••••••••     908 

Ditto  hetween  the  Hummerich  and  Mit* 
telberg 841 

Ditto  on  west  slope  of  Petersberg  •  •  •  •     658 


Trachyte. 


1188 
llSl 
1125 
1073 
102£ 


Drenkelberg •••.••••• 

Briingelsberg  •  •  •  •  • • 

Lohrberg 

Scheerkopf 

Bruderkunzberg 

Hummerich  •••••••••••••••• 996 

Gross  Mi ttelbeig 936 

Buckeroth 927 

Wasserfall  ..•• 919 

PerlenHardt 917 

Gross  Rosenau ••••• 883 

Gross  Geisberg    • ••••••••  871 

Jungfer  Hardt 865 

Wolkenburg   865 

Gross  Breiberg • 846 

Schallenberg 818 

Klein  Mittdberg 799 

Drachenfels  •  .^ 780 

Stenzelberg 760 

Hirschberg 579 

Trachyte  Tuff. 

Rises  to  height  of: 

On  west  slope  of  Oehlberg 933 

At  Margaretha  Kreu2 834 

On  south-east  slope  of  Geisberg 776 

On  north  slope  of  Nonnen  Stromberg.  •  638 

Basalt  Dikes. 

Keilsbrunnen,  through  trachyte 785 

Lowenburg  Tranke»  through  trachyte  949 


Feet 
Between  Drachenfels  and  Hirschberg, 

through  trachyte 443 

Steinsbuschy  through  grauwacke 216 

Si^burg,  through  trap  tuff. 211 

Wolsberg,  through  trap  tuff. 230 

Grimprichy  through  trap  tuff. 189 

Konigswinter  Holle,   through  trachyte 

tuff    184 

Basalt, 

Dusbergy  near  Linz 1325 

Gross  Oehlberg    1289 

Lowenburg 1272 

Mendenberg 1198 

Klein  Oehlberg    974 

Leyberg    974 

Petersberg    904 

Nonnen  Stromberg 818 

Ober  DoUendorf  Hardt   619 

Limberg 598 

Gross  Wirlberg 597 

Steinringsberg  •  • 565 

Hartenberg  •  •  • 550 

Gross  Scharfenberg 560 

Thomasberg 541 

Falkenberg 538 

Rabenlei 420 

Hinzberg    429 

Finkenberg 210 

Bronm-Coal  Formation. 

Stoschen,  at  foot  of  Mendenberg 913 

At  viUage  of  Vinxel    400 

At  Orsberg,  near  Erpel 372 

Between  Drachenfels  and  Wolkenburg.  445 
Auf  dem  Stein,  near  Ober  Cassel,  where 

a  bed  of  silicified  wood  was  found  . .  402 

At  Rott,  where  fish  are  found • .  298 

At  Tanzchen,  sandstone  beds 22C 
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APPENDIX.— March,  1836. 

See  Page  433. 


I.  Page  433. 

M.  VAN  DER  Wyck  makes  the  mean  height  of  the  surface  of  the  Rhine  at 
Bonn  188  Rheinland  feet  (193*6  English  feet)^  and  at  Konigswinter  198 
Rheinland  feet  (197*72  English  feet)  above  the  level  of  the  sea,  JBarometer* 
Hohen — Messungen  desi  Bhemstroms,  in  Leonhard  and  Bronn's  Neues  Jahr- 
buck  jiir  Mineralogie,  ^c,  \%S6,  p.  260.  One  Rheinland  foot  =  10298  En- 
glish. 

II.  Page  434. 

From  the  smallness  of  the  scale  to  which  my  map  has  been  reduced  for 
publication^  it  is  scarcely  possible  to  define  the  boundaries  of  the  several  mi- 
neral formations  with  precision.  Those  who  wish  to  examine  the  Sieben- 
gebirge  will  do  well  to  provide  themselves  with  a  copy  of  a  geological  map 
published  at  Bonn  in  1835  by  Henry  and  Cohen. 

III.  Page  442. 

M.  Thomae,  in  the  memoir  cited  in  the  next  note,  mentions  the  occurrence 
of  trachyte  tuff  in  the  lane  leading  from  Nieder  Bachem  to  Liessem,  p.  48. 

IV.  Page  447. 

A  very  detailed  account  of  the  Roderberg  has  been  recently  published, 
entitled  Der  Vulkanische  Roderberg  bei  Bonn.  Geognostische  Besckreibung 
seines  Kraters  und  seiner  Umgebungen,  von  Carl  Tuomae.  Bonn,  1835. 
Those  who  wish  to  examine  and  understand  the  structure  of  this  interesting 
geological  feature  of  the  district  should  take  this  memoir  as  a  guide.  I  ex- 
tract the  following  particulars  in  this  place,  and  I  have  refered  to  it  in  other 
parts  of  this  Appendix. 

The  highest  point  of  the  crater  is  330  Rheinland  feet  (339*8  English  feet) 
above  the  surface  of  the  Rhine.  He  estimates  the  longest  diameter  of  it  at  a 
thousand  paces,  and  the  shortest  at  seven  hundred  paces. 

The  lava  at  the  north-east  side  of  the  crater  was  at  one  time  quarried,  in 
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the  hope  of  obtaining  millstones^  like  those  of  Nieder  Mendig;  but  it  decom- 
poses readily  when  exposed  to  the  air^  and  masses  of  sufficient  size  without 
rents  could  not  be  had. 

Fragments  of  grauwacke  and  of  quartz  are  common  in  the  lava ;  they  are 
flBist  imbedded  in  it^  and  their  surfaces  are  frequently  yitrified.  These  vitrified 
pebbles  are  met  with  abundantly  among  the  scorias  on  the  sides  of  the  hill^ 
varying  in  size  from  a  foot  to  the  tenth  of  an  inch  in  diameter.  ''  Any  one/' 
says  M •  Thomae^  ''  who  had  not  picked  them  up  himself  on  the  spot  from 
''  among  the  brown  cinders^  might  swear  they  came  out  of  a  porcelain  furnace/' 
p.  17.  Volcanic  bombs  are  sometimes  founds  and  some  which  M.  Thomae 
broke  presented  the  following  remarkable  appearance.  ''  Three  almost  per- 
fectly round  balls^  the  largest  of  which  might  be  about  the  size  of  a  man's 
head^  contained  in  the  interior  rapilli^  small  rounded  portions  of  porous  lava^ 
vitrified  and  non-vitrified  quartz  pebbles^  and  small  fragmente  of  grauwacke^ 
''  some  friable^  others  vitrified^  and  some  unchanged.  The  bodies^  which  were 
of  the  size  of  nuts^  filled  the  whole  interior  space  of  the  bomb ;  they  lay  chiefly 
loose^  often  five  or  six  were  adhering  together^  or  single  ones  were  fixed  to 
the  sides  of  the  bomb^  so  that  in  breaking  the  porons  lava  shelly  which  was 
'^  about  a  finger's  breadth  in  thickness^  great  caution  was  necessary  to  prevent 
the  contents  falling  out.  In  the  interior  of  one  of  the  bombs  there  was  a 
small  detached  crystal  of  augite."  p.  21. 
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v.  Pages  450  and  466. 

In  Leonhard  and  Bronn's  Neues  Jahrbuckfur  Mvneralogie,  Sgc,  for  1835^ 
p.  678^  there  is  the  following  communication  from  Professor  Noggerath  to 
the  Editors. 

**Boim»SO  October,  1835. 

Hitherto  no  shells  have  been  found  in  our  Rhenish  brown-coal.  Recently 
fome  freshwater  shells  were  brought  to  me  from  a  bed  which  seems  to  be  in- 
termediate between  earthy  brown-coal  and  bituminous  (brown-coal)  clay. 
"  This  bed^  which  is  of  inconsiderable  thickness^  covers  the  alternations  of 
compact  clay  ironstone^  which  occur  near  Rott^  eastward  of  the  Siebenge- 
bii^^  an  account  of  which  is  given  in  my  Rheinland  fVestphalen,  iv.  p.  388. 
You  will  see  by  the  specimens  sent  herewith  that  the  shells  are  changed  into 
a  kind  of  brown-coal^  and  are  almost  quite  flat.  If  M .  Bronn  will  venture  to 
pronounce  an  opinion  upon  these^  I  should  wish  you  to  insert  it  along  with 
thb  notice  in  your  journal." 

M.  Bronn  adds^  '^  All  these  shells  belong  to  the  genus  Planorbis,  but  they 
are  so  crushed  as  to  be  almost  wholly  unrecc^nisable.    The  largest  and  best- 
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preserved  specimen  nevertheless  appear  to  be  Planorbis  carinatus ;  the  rest 
seem  to  belong  to  the  same  species/' 


VI.  Page  452. 

I  visited  the  lignite  deposit  at  Friesdorf  in  September  1835^  in  company 
virith  Mr.  Robert  Brovni,  when  he  collected  several  specimens  of  the  vegetable 
remains.  He  informs  me  that  all  the  wood  he  found  is  coniferous^  which, 
taken  along  with  the  evidence  derived  from  the  leaves  already  noticed^  might 
point  rather  to  a  temperate  than  an  equinoctial  climate. 

Vn.  Page  453. 

M.  Agassiz  examined  the  specimens  accompanying  this  paper^  in  a  late 
visit  to  England.  Besides  the  Leuciscus  Papyraceus,  he  found  another  spe- 
cies^ which  he  named  Leuciscus  Macrurus. 

Vni.  Page  462. 

Since  this  paper  was  read^  I  have  seen  the  loess  in  three  situations^  which 
are  remarkable  as  connected  with  the  geological  events  which^  in  compara- 
tively recent  times^  have  occurred  in  this  district. 

I  learned  in  the  summer  of  1833^  that^  in  the  preceding  spring,  the  pro- 
prietor of  the  form  in  the  bottom  of  the  crater  of  the  Roderberg,  in  sinking  a 
well  near  his  house^  had  passed  through  a  bed  of  loess.  I  went  there^  accom- 
panied by  Mr.  Lyell,  and  we  ascertained  that,  after  a  few  feet  of  scoriae,  they 
had  found  loess,  and  had  penetrated  it  to  the  depth  of  62  Rheinland  feet 
(63-2  English  feet),  but  without  passing  through  it.  Part  of  that  which  had 
been  dug  out  was  on  the  ground  near  the  well,  the  rest  had  been  scattered 
over  the  adjoining  field.  It  had  the  usual  characters,  and  several  of  the  cal- 
careous stony  concretions  were  lying  about. 

In  the  left  bank  of  the  Rhine,  a  short  distance  below  Neuwied,  and  near 
Andernach,  I  observed  the  loess  lying  under  a  bed  of  volcanic  scoriae,  and  that 
covered  by  a  considerable  thickness  of  alluvial  soil. 

On  a  visit  to  the  Laacher  See  in  September  1835,  I  observed  a  section  close 
by  the  edge  of  the  lake,  and  within  a  quarter  of  a  mile  of  the  monastery, 
where  loess,  containing  its  characteristic  shells,  is  covered  by  a  succession  of 
beds  ol  volcanic  sand,  scoriae,  and  pumice,  and  altered  fragments  of  grau- 
uacke. 

In  a  paper  on  the  solid  contents  of  the  Water  of  the  Rhine,  which  was  read 
before  the  Geological  Society  in  March  1834,  and  published  in  the  London  and 
Edinburgh  Philosophical  Journal  for  January  1835,  p.  102, 1  showed  that  the 
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sediment  obtained  from  a  large  quantity  of  the  water  has  the  same  appearance^ 
and  is  of  the  same  composition  as  loess. 

In  the  Edinburgh  Philosophical  Journal  for  July  1834^  there  is  a  paper  by 
Mr.  Lyell  on  this  peculiar  deposit :  he  has  treated  of  it  very  fully  in  his 
^^  Principles  of  Geology^"'  vol.  iv.  p.  44^  4th  edition ;  he  read  some  addi- 
tional observations  upon  it  at  the  Geological  Society  in  December  1835^  an 
account  of  which  is  given  in  the  Society's  '^  Proceedings/'  vol.  ii.  p.  991,  and 
he  again  refers  to  it  in  his  Address  at  the  Anniversary  of  the  Geological  Society^ 
in  February^  1836.  M.Thomae^  in  the  work  above  cited^  has  recorded  several 
interesting  fects  respecting  the  loess  which  lies  around  the  Roderberg.  We 
learn^  from  the  observations  of  these  gentlemen^  the  following  particulars  in 
addition  to  those  mentioned  in  my  paper. 

Of  the  shells  found  in  the  loess  near  Bonn  the  terrestrial  predominate 
greatly  over  the  aquatic ;  the  same  rule  holds  good^  though  not  to  the  same 
extent^  with  respect  to  the  shells  now  drifted  down  by  the  Rhine^  and  con- 
tained in  the  mud  and  sand  of  its  shores ;  and  the  greater  proportion  of  these 
last  agree  specifically  with  those  buried  in  the  loess. — Lyellj  Memoir  of  1S3 4, 
p.  3. 

The  loess  absorbs  water  with  great  avidity^  and  where  exposed  to  the  action 
of  water  is  often  carried  away  in  great  masses.  It  affords  a  very  fertile  soil ; 
but  the  husbandman  is  sometimes  doomed  to  see  his  hopes  blasted  by  a  violent 
storm  of  rain  washing  away  the  whole  soil  from  his  fields  laying  the  roots  of 
his.  vines  bare  to  the  sun. — Thomae,  26. 

^  On  the  east  side  of  the  Roderberg  there  are  five  round-back  ridges^  co<» 
vered  with  vegetation^  which  seem  to  radiate  from  the  lower  part  of  the  hill 
towards  its  base.  These  are  composed  of  loess ;  and^  at  their  inferior  ex- 
tremity^ are  in  some  places  laid  open^  exhibiting  a  vertical  section  from  twenty 
to  thirty-five  feet  in  height^  resting  upon  a  mass  of  gravely  identical  in  com- 
position with  that  forming  the  present  bed  of  the  Rhine^  and  from  four  to  eight 
feet  in  thickness. — Thomae,  29 — 31. 

'^  On  the  north-north-west  side  of  the  Roderberg  a  valley  separates  the 
volcano  from  the  Zilliger  Haidchen^  heathy  hilly  ground  composed  of  loess^ 
which  is  furrowed  in  several  places  to  a  great  depth.  These  excavations  are 
called  in  German  schluchten,  meaning  hollow  ways.  In  some  of  these  the  loess 
is  seen  to  be  intermixed  with  volcanic  products^  and  containing  detached  ac- 
cumulations of  scoriae  in  amorphous  masses.  In  several  places  there  are  con- 
tinuous beds  of  scoriffi  lying  upon  and  covered  by  loess.  In  one  of  the 
schluchten  a  section  is  exposed^  exhibiting  alternate  layers  of  scorias  and  tuff^ 
resting  on  the  fundamental  grauwacke^  and  covered  by  loess ;  in  another  a 
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volcanic  breccia,  composed  of  fine  blackish  grey  sand,  including  small  frag- 
ments of  clay  slate  and  grauwacke  tive  feet  thick,  rests  upon  loess,  and  ii 
covered  by  another  deposit  of  loess  fifteen  feet  thick,  identical  in  composition  * 
with  the  lower  deposit.  The  flat  surfaces  of  the  slate  and  granwacke  frag- 
ments, and  numerous  scales  of  mica,  lie  horizontal,  producing  a  slaty  structure, 
and  indicating  their  having  assumed  that  position  under  the  surface  of  water. 
The  Bchlucht,  which  opens  towards  the  village  of  Lannesdorf,  exhibits  a 
similar  intermixture  of  scoriee  in  the  loess,  and  it  is  about  two  miles  and  a  bidf 
distant  from  the  crater  of  the  Roderberg. — Thomae,  36 — 43. 

I  shall  now  point  out  some  of  the  more  important  observations  of  Mr.  Lyell 
on  tlie  ktesB  in  the  higher  parts  of  the  Rhine  valley  and  the  adjaceQt  countiy^ 
contained  in  the  memoirs  above  mentioned,  which  throw  light  on  the  history 
of  this  remarkable  deposit. 

He  observed  it  near  Andemach,  alternating  with  volcanic  scoriie,  &c^ 
and  in  one  place  "covered  with  beds  of  pumice,  trassy  pumiceous  sandy 
and  stnall  dark  volcanic  cinders,  forming  upon  the  whole  a  mass  from  tea 
to  fifteen  feet  in  thickness," — ejections  from  the  neighbouring  volcanos  ol 
the  L#ower  Eifel.  In  an  excursion  through  part  of  the  duchy  of  Darmstadt 
by  Mayence,  Oppenheim,  Alzey,  Fbnheim,  Eppelsheim,  and  Worms,  he 
found  the  loess  spread  almost  everywhere  over  the  country.  On  Ibe  oppo- 
site side  of  the  Rhine,  in  the  elevated  table  land  above  the  Bergstrasse  be- 
tween Wiesloch  and  Bruchsal  he  observed  the  loess  attaining  a  thickness  of 
200  feet.  Near  Strasburg  large  masses  of  it  are  seen  at  the  foot  of  the 
Vosges  mountains  on  the  left  of  the  great  plain  of  the  Rhine,  and  at  the  base 
of  the  mountains  of  the  Black  Forest  on  the  other  side.  It  occurs  in  con- 
siderable force  at  Basle,  and  still  higher  up  the  Rhine  at  Waldshat,  and 
it  is  said  to  terminate  between  that  place  and  Schaffhausen.  In  the  hilh 
called  Bruder  Holz,  about  two  miles  south  of  Basle,  it  rests  upon  nearly 
horizontal  beds  of  molasse,  and  it  has  here  an  elevation  of  more  than  1100 
feet  above  the  sea,  which  is  more  than  900  feet  above  that  ridge  of  loess  that 
■tretches  between  Bonn  and  Riingsdorf.  In  a  section  exposed  at  Bruder 
Holz,  he  found  the  unial  terrestrial  and  aquatic  recent  shells,  and  aiosg; 
with  tbem  two  vertebrs,  which  M.  Agasaiz  says  belong  decidedly  to  a  small 
species  of  Uie  Squalidffi,  or  Shark  family,  perhaps  to  the  genus  Lamna.  Mr. 
Lyell  has  been  bo  good  as  to  allow  me  to  have  figures  taken  of  these  organic 
remains,  the  first  ichthyolites  hitherto  found  in  ^e  loess  and  so  remarkable  in 
a  freshwater  deposit*. 

■  See  PUte  XXIX. 
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Ascending  the  vaUey  of  the  Neckar^  he  found  a  section  near  the  Manheim 
gate  of  Heidelberg,  exhibiting  alternating  layers  of  loess  and  gravely  to  the 
thickness  of  13  feet  He  saw  it  near  Heilbronn  at  an  elevation  of  500  feet 
above  the  level  of  the  sea^  and  was  informed  that  it  lies  on  the  hills  in  that 
neighbourhood,  300  feet  higher.  Further  up  the  Neckar,  at  Canstadt,  near 
Stutgardt,  it  overlies  a  freshwater  formation  of  tuff  travertine  and  marl,  and 
south-east  of  Stutgardt,  between  Goppingen  and  the  little  watering-place  of 
Boll,  he  found  it  in  a  valley  watered  by  a  small  tributary  of  the  Neckar. 
From  Goppingen  his  route  lay  eastward  by  Weisenstein  and  Heidenheim  to 
Nordlingen,  and  between  Weisenstein  and  Heidenheim  he  crossed  elevated 
land,  on  the  west  side  of  which  the  waters  flow  to  the  Rhine,  on  the  east  to 
the  Danube,  and  eastward  of  this  ridge  no  more  loess  was  to  be  seen* 

Returning  again  to  the  tributaries  of  the  Rhine,  in  proceeding  westward 
from  Bamberg  in  Bavaria,  he  found  the  loess  at  Dettelbach,  a  small  town  on 
the  Mayn,  eastward  of  Wiirtxburg ;  and  not  only  in  the  valley,  but  on  the 
neighbouring  hills  of  muschelkalk,  at  a  height  of  five  or  six  hundred  feet 
above  the  valley.  It  was  here  of  a  somewhat  redder  tint  than  in  Wiirtem- 
berg,  and  Mr.  Lyell  conjectures  that  the  colouring-matter  may  have  been 
derived  from  the  neighbouring  red  bunter-sandstein.  Lower  down  the 
Mayn,  he  again  saw  the  loess  at  Hochst  below  Frankfurt,  and  at  Soden, 
where  it  abuts  against  the  elevated  grauwacke  ridge  of  the  Taunus. 

Crossing  the  Taunus  to  the  valley  of  the  Lahn,  he  again  found  the  loess  at 
the  village  of  Elz  near  Limburg.  ''On  the  north  of  this  village,''  he  says, 
''  is  a  hill,  which  forms  one  boundary  of  the  valley  of  the  Lahn,  and  here 
loess  is  seen  with  all  its  usual  characters,  with  many  land  and  freshwater 
shells,  and  alternating,  as  at  Heidelberg,  with  gravel.  I  observed,  in  par- 
ticular, a  horizontal  layer  of  white  quartz  pebbles,  a  foot  and  a  half  in  thick- 
ness, resting  on  a  mass  of  loess  fifteen  feet  thick,  and  covered  by  loess  five  feet 
in  thickness,  the  loess,  in  both  situations,  including  in  it  entire  shells.  Follow- 
ing the  road,  I  found  the  slope  of  the  hill  above  to  consist  of  horizontal  beds 
of  quartz  pebbles,  which  have  a  base  of  loess.  Hence  it  appears  that  the  valley 
of  the  Lahn,  which  is  excavated  through  highly  inclined  greywacke,  has,  at 
some  period  since  its  excavation,  be^  partially  filled  up  with  beds  of  gravel  al- 
ternating with  loess,  a  great  part  of  which  has  since  been  removed  by  de- 
nudation/' 

It  is  material  to  observe  that  all  the  above-mentioned  places,  where  Mr. 
Lyell  observed  the  loess,  have  a  direct  communication  with  the  main  valley 
of  the  Rhine  ;  that  is,  form  part  of  one  hydrographical  basin.  The  quantity 
left  bears  but  a  small  proportion  to  the  mass  which  we  must  suppose  to 
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hare  been  cfiigaaJlj  depofited.  It  has  been  shown  that  the  graM  sridkr 
with  which.  H  absorbs  water,  renders  it  liable  to  be  casihr  waihcd  awnj ; 
and  aecordingfjr,  wherever  it  is  not  protected  by  the  form  of  the  land,  or  hr 
a  dense  corering  of  TCgetation,  it  is  carried  off  by*  ereiy  shower ;  and  ink 
is  in  a  great  degree  the  cause  of  the  yellow  colour  and  the  mnddy  stitte  of 
the  Rhine  after  heary  rains. 

IX.  Page  468. 

In  a  grarel-pit  near  Bonn,  1  found  a  tooth  of  the  Rhmoeero9 
The  gniTd  is  not  that  yellow  afluvium  which  lies  orer  the  brown-conl 
tion,  but  resembles  that  of  the  present  bed  of  the  Rhine,  and  which  I  haTc 
shown  to  be  older  than  the  loess. 

X.  Page  468. 

Trachyte  tuff  is  intermixed  with  the  upper  beds  of  the  brown-coal  fixiaa- 
tion  in  the  lane  between  Nieder  Bacbem  and  Liessem,  on  the  left  bank  of 


the  Rhine. — Thomae,  p.  49. 

XL  Page  469. 

We  have  seen  that  from  the  volcanic  focus  of  this  district^  limited  though 
it  be  in  extent,  products  have  been  erupted  which  differ  very  much  in  their 
nature,  and  that  these  different  products  must  have  been  ejected  at  distinct 
periods.  The  trachyte  tuff  appears  to  have  been  the  first  eruption,  then 
trachyte,  then  basalt,  and  lastly,  the  lava  and  scoriae  of  the  Roderberg,  which 
resemble  the  ejections  of  the  neighbouring  Eifel,  and  partake  very  much  of 
the  characters  of  those  of  active  volcanos  whose  productions  have  more  of  an 
augitic  than  a  felspathic  nature. 

That  there  was  an  eruption  from  the  Roderberg  subsequently  to  the  com- 
mencement of  the  deposit  of  the  loesss,  is  proved  by  the  thick  beds  of  scoria 
which  are  incumbent  upon  loess  near  Lannesdorf ;  and  that  it  bad  become 
extinct  prior  to  the  termination  of  that  particular  deposit  is  shown  by  beds  of 
loess  covering  the  volcanic  ejections,  and  still  more  conclusively  by  its  accu- 
mulation to  so  great  a  depth  in  the  very  bottom  of  the  crater ;  for  had  the 
volcano  been  subsequently  in  activity,  the  loess  must  have  been  blown  into 
(he  air.  That  the  edge  of  the  crater  must,  in  part  at  least,  have  been  under 
the  surface  of  the  water  which  transported  the  loess,  is  manifest,  and  that 
collected  at  the  bottom  is  probably  the  amount  of  the  solid  contents  of  the 
fluid  which  filled  the  cavity.  All  the  phenomena  seem  to  lead  to  the  con- 
clusion, that  the  Roderberg  was  a  subaqueous  eruption  during  the  period  of 
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the  loess^  and  that  it  was  subsequently  raised  up  gradually^  en  masse,  into  its 
present  position. 

XII.  Page  470. 

The  additional  facts  which  have  come  to  my  knowledge  since  this  paper 
was  read,  the  most  important  of  which  are  narrated  in  the  preceding  notes, 
have  led  me  to  modify  in  some  degree  the  opinions  I  had  formed  relative  to 
the  history  of  the  loess. 

Its  origin  remains  as  uncertain  as  before ;  but  it  is  very  evident  that  it 
came  from  above  Schaffhausen  ;  and  as  it  is  so  uniform  in  its  nature  through* 
out,  with  the  exception  of  the  somewhat  redder  tint  of  that  at  Dettelbach  on 
the  Mayn,  which  may  have  been  produced  by  some  local  intermixture,  it  is 
fair  to  presume  that  it  was  derived  from  one  source. 

Do  its  characters  indicate  that  it  was  brought  down  by  the  water  of  the 
Rhine,  and  was  deposited  gradually  during  a  long  period ;  or,  that  it  sub- 
sided in  a  vast  lake,  into  which  the  Rhine  then  entered,  as  the  Rhone  now 
does  into  the  lake  of  Geneva,  and  whose  waters  ran  up  into  all  those  sinu-r 
osities  of  the  land  where  remains  of  the  deposit  are  still  to  be  found  ?  or,  do 
they  point  to  the  sudden  rush  of  a  muddy  torrent,  occasioned  by  the  bursting 
of  a  barrier  which  drained  a  vast  lake,  as  I  have  already  suggested  P 

The  generally  homogeneous  unstratified  nature  of  the  loess,  even  though 
in  masses  between  200  and  300  feet  in  thickness,  always  appeared  to  me  to 
be  strongly  presumptive  evidence  that  it  was  deposited  from  a  flood  of  water 
densely  loaded  with  mud,  and  moving  with  a  velocity  sufficient  to  transport  its 
solid  contents  to  a  distance  so  great  as  that  from  Basle  to  Bonn,  before  they 
had  time  to  fall  to  the  bottom ;  but  the  alternations  of  loess  with  gravel  in  the 
valleys  of  the  Neckar  and  the  Lahn,  and  with  volcanic  ejections  around  An- 
demach,  the  Laacher  See,  and  the  Roderberg,  show  that,  if  it  was  a  flood, 
there  must  have  been  more  than  one. 

Were  the  idea  of  a  lake  at  all  admissible,  there  would  be  nothing  extra- 
vagant in  supposing  that  the  loess  near  Basle,  which  is  more  than  1100 
feet  above  the  level  of  the  sea,  and  that  of  Bonn,  which  is  less  than  200 
feet,  might  have  been  deposited  in  one  and  the  same  lake  ;  for  it  is  only  sup- 
posing the  water  at  the  latter  place  to  be  900  feet  deep ;  and  the  lake  of  Geneva, 
according  to  Mr.  De  la  Beche,  is  in  some  places  984^.  But  if  the  loess 
were  a  gradual  deposit  from  the  waters  of  a  lake,  there  would  surely  have 
been  indications  of  successive  layers  in  the  structure  of  the  loess  itself;  the 
shells  would  have  been  found  more  frequently  in  something  like  a  similar 

*  Manual^  Srd  edit.  p.  22. 
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mode  of  arrangement,  in  place  of  being  scattered,  as  they  generally  are, 
without  order  through  the  mass;  and  vegetable  remains  would  not  have 
been  entirely  wanting;  or  so  rare,  if  they  do  exist.  Then  there  must  have 
been  a  barrier  to  contain  the  waters  of  the  lake,  at  the  head  of  the  delta  of 
the  Rhine  near  Bonn,  and  that  harrier  must  have  been  wholly  swept  away ; 
but  a  country  with  forms  more  unlike  those  which  we  might  expect,  had 
such  a  barrier  ever  existed,  can  hardly  be  imagined. 

All  the  appearances  of  the  Rhine  valley  favour  the  supposition  that,  at  the 
time  of  the  deposit  of  the  loess,  there  was  a  free  river  communication  be- 
tween Begle  and  the  sea,  and  the  vertebrs  of  the  Lamna  certainly  render  that 
supposition  more  probable.  "  It  may  seem  very  extraordinary  that  the  first 
remains  of  fossil  fish  obtained  from  thiii  freshwater  silt  should  belong  to  a 
marine  genus,  but  M.  Agassiz  has  informed  Mr.  Lyeil  that  both  in  the  Se- 
negal and  the  Amazon  certain  species  of  the  Shark  and  Skate  families  (Squa- 
lus  and  Raia,  Linn.)  have  been  known  to  ascend  to  the  distance  of  several 
hundred  miles  from  the  ocean,  and  analogous  facts  are  referred  to  in  Mar- 
grave and  Pisa's  Natural  History  of  India*." 

In  a  work  descriptive  of  Bonn  and  its  neighbourhood  f,  there  is  the  fol- 
lowing statement.  "  The  chronicle  of  Bonn  further  informs  us  of  a  visit  to 
"  our  river  from  an  animal  of  the  remote  north ;  a  sea  monster,  whose  appear- 
"  ance  may  be  brought  forcibly  before  our  imagination  by  the  steam-boat  of 
"  modern  days,  as  it  works  its  way  through  the  waters  of  the  Rhine.  In  the  be- 
"  ginning  of  the  year  ISSO,  a  Sea  Cow,  or  Walrus,  more  than  fourteen  feet  in 
"  length,  was  seen  swimming  up  the  Rhine  past  Bonn.  A  violentand  unheard- 
"  of  agitation  of  the  water  was  observed,  accompanied  by  a  loud  noise,  and  by 
"  two  lofty  jets  of  water  spouting  from  the  forehead  of  the  monster.  The  whole 
"  town  rushed  to  the  river  to  see  the  great  beast,  the  very  name  of  which  was 
"  tbeki  UHheard  of  by  thetai  T^euceiltiAel  oa  the  Alten  Zoll  fired  at  it  gerenl 
"  times  but  missed  it,  and  the  animal  prooeeded  od  its  way  upvrards  undis- 
''  turbedf  and  ii  saiditbihave  gat  above  StrdBburg.  Two  months  afterwards,  it 
"  Wab  east  ashore  dead,  near  the  Tillag«  of  Niel^  about  three  miles  below  Co- 
*' log;ae,' with  fourwoimda'fMfai  bullets  below  the  head ;  but  it  was  not  known 
"  by  whom  or  where  it  had  been  killed." 

In  the  present  imperfect  state  of  our  knowledge,  there  seems  to  be  no 
explanation,  upon  the  whole,  so  rational  as  that  suggested  by  Mr.  Lyell  in 
the  Address  above  alluded  to,  who  says,  "  Instead  of  supposing  one  continuous 

•  Geological  Society's  "  Proceedinga,  "  vol.  ii,  p.  228. 

t  Hundesbagen,  Die  Stadt  und  UnivertUat  Bonn  am  Rhein,  tntt  ihren  Unigebungen.  Habicbt, 
BoDD,  IBSi,  p.  15. 
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*'  lake  of  sufficient  extent  and  depth  to  allow  of  the  simultaneous  accumulation 
of  loess  at  all  heights  and  throughout  the  whole  area  where  it  now  occurs'  I 
conceive  that  subsequently  to  the  period  when  the  countries  now  drained  by 
the  Rhine  and  its  tributaries^  acquired  nearly  their  actual  form  and  geogra- 
phical features^  they  were  again  depressed  gradually  by  a  movement  like  that 
now  in  progress  on  the  west  coast  of  Greenland.  In  proportion  as  the  whole 
district  was  lowered^  the  general  fall  of  the  waters  between  the  Alps  and  the 
ocean  was  lessened^  and  both  the  main  and  lateral  valleys^  becoming  more 
subject  to  river  inundations^  were  partially  filled  up  with  fluviatile  silt  con- 
taining land  and  freshwater  shells.  After  this  operation^  when  a  thickness  of 
many  hundred  feet  of  loess  had  been  thrown  down  slowly^and  in  the  course  of 
many  centuries^  the  whole  region  was  once  more  upheaved  gradually^  but 
perhaps  not  equally^  throughout  the  whole  region.  During  this  upward  move- 
^'  roent  most  of  the  fine  loam  was  carried  off  by  denudation  to  such  an  extent  that 
*^  the  original  valleys  were  nearly  re-excavated.  The  country  was  thus  restored 
'^  to  its  pristine  state^  with  the  exception  of  those  patches  of  loess  still  remaining^ 
and  which^  from  their  frequency  and  their  remarkable  homogeneousness  of 
composition  and  fossils^  attest  the  original  continuity  and  common  origin  of 
the  whole.  By  introducing  such  general  fluctuations  of  relative  levels  we  may 
*'  dispense  with  the  necessity  of  erecting  and  afterwards  removing  a  great 
''  barrier  more  than  1200  feet  high^  sufficient  to  exclude  the  ocean  from  the 
''  valley  of  the  Rhine  during  the  accumulation  of  the  loess/' 

Sweden  has  afforded  the  most  unequivocal  proofs  that  upward  and  down- 
ward movements  of  the  land  may  take  place  in  countries  where  no  ordinary 
volcanic  action  is  to  be  seen ;  and  that  so  gradually^  as  to  be  imperceptible  to 
all  who  are  not  watching  the  phaenomenon :  and^  as  there  are  so  many  in- 
dications of  volcanic  action  in  early  times^  on  both  sides  of  the  Rhine  valley, 
it  does  not  seem  to  me  to  be  stretching  theory  beyond  the  limits  of  just  phi* 
losophical  reasoning,  to  suppose  that  such  oscillations  may  have  taken  place  in 
this  district,  during  the  gradual  accumulation  of  the  loess,  and  subsequently  to 
its  deposition. 
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BerkhasipMead,  Vale  of,  ita  general  ahitiide,  283. 
Berkshire,  beds  below  the  chalk  in,  S69, 270,  ftc. 
BertyN-.M.iaadyua  by,  ofgreea  partielea,  109, 

note. 
Birds,  bonea  of,  found  in  the  Haatinga-aand  at 

Tilgste,  180;  distinguished  from  those  of  Pte- 

rodactyles,  382*. 
Bishopstone,  near  Aylesbury,  section  at,  287. 
Black  glossy  slate  of  Cumberland  contains  no 

organic  remains,  48,  66  ;  probable  cause  of 

their  absence,  66. 


"  Black  land",  Gault  so  called,  in  Surrey,  141. 

Black  limestone  group  between  Kirby  Stephm    ' 
and  Penigent  described,  73. 

-  distinguished    by    regu- 

larity of  stratification,  73. 

,  organic    remains    found 


-  yields  a  fine  black  marble, 
,  list  of  quarries 


where  found,  73. 
Blackdown  Hills,  Devonshire,  description  of,  !39. 

1 ,  fissures  from  dislocation  ai,S3J. 

,  sithestone  pits,  section  of,  836. 

,  sithcstones,  mode  of  preparii^ 

237. 
Blackdown>sands,  list  of  fossils  from,  239. 
,  fossils  of,  well  preserved,  why, 


,   principally    converted  it 

chalcedony,  239,  note. 
Blackgang  Chine,    Isle  of  Wight,    section    . 


e  of  great  saddle  of  mill- 


Blackstone  Edge, 

stone  grit  at,  60. 
Boblaye,  M.,  notice  of  his  memoir  on  the  bedi 

below  the  chalk  in  the  North-weat  of  France, 

330. 
B<«in,  Leonard  Homer,  Etq.,  on  the  gecrfogy  ti 

the  environs  of,  433. 
,  district  little  known  to  geologists,  494. 

'    ,  general  structure  of  the  environa  of,  435. 

,  grauwacke,  436. 

,  trachyte,  +37. 

'     I  baaalt,  443 ;  volcanic  erupUona,  446. 
— ~~,  brown-coal  formation,  447,  473. 

,  loeas,  447,  469,  474,  479. 

,  mineral  waters,  403. 

,  relative  ages  of  the  aeditoentary  rocks  of, 

464. 


the  volcanic,  467. 

other,  467. 

,  table  of  heights,  471. 

,  Appendix,  472. 


~  volcanic  rocks  lo  each 
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BondKdmy  Isle  o(  afiforda  plants  like  those  of  the 
Wealden,  9S0. 

Bothenhampton  and  Bridport  Harbour  faults,  40. 

Bougfatoo  quarries,  in  the  lower  green-sand,  ISft, 

' 9  remains  of  Iguanodon  found  at,  in- 
cluding new  portions  of  the  skeleton,  1^58,  note. 

Boulonnois,  strata  connecting  the  Kinuneridge 
clay  with  the  Oxford  oolite,  well  disdosed  on 
the  coast  of,  332. 
■     ■       »  Portland-stone  in,  326, 

-,  nodules  of  grit  in  the  Portland  sand, 


.   2B3. 

Bowstead,  Rev.  James,  notice  of  his  observations 
on  the  north-eastern  demarcation  of  new  red 
sandstone  series  in  Cumberland,  384,  note. 

Bray,  Paysde,  (near  Beauvais,)  equivalent  in,  of  the 
Wealden,  326. 

— of  the 

Portland'Stone,  828. 

of  the 

Portland-sand,  328, 

Breccia,  in  Dorsetshire,  accumulations  of,  analo- 
gous to  those  of  Normandy,  8. 

,  tertiary,  siliceous  accumulations  of,  in 
Dorsetshire,  described,  5, 

Bredy,  physical  features  of  the  Vale  o^  32 ;  geo- 
logical structure  of,  32, 

Bridport,  occurrence  of  oolitic  breccia  near,  81. 

Harbour   and  Bothenhampton  faults, 

40. 

Brill,  Bucks,  strata  at,  279,  280. 

Bristol  Channel  coal  fields,  axes  of,  not  parallel, 
57. 

,  elevation  of  the  car- 
boniferous system  of^  less  than  that  of  the 
North,  59. 

',  form  and  direction  of 


dislocations  in  the,  have  little  resemblance  to 
those  in  the  North,  58  ;  disturbing  action  pro- 
bably not  contemporaneous,  58. 
■ ,  movements     which 


gave  final  configuration  to,  probably  posterior 
to  deposition  of  lower  new  red  sandstone,  58. 
Bristol  coal-fields,  overlying  deposits  of,  analogous 
to  series  in  the  North  of  England,  commencing 
with  magnesian  conglomerate,  58, 


Bristol  Institution,  collection  of  Blackdown  fossils 
belonging  to,  239. 

Broadfield,  notice  of  amass  of  carboniferous  lime- 
stone within  the  area  of  new  red  sandstone, 
near  the  middle  of,  391. 

Brongniart,  M.  Adolphe,  on  CycadeSidea,  218. 

.  on  the  fossil  plants  of 

Hoer  in  Scania,  330. 

Brook  Chine,  Isle  of  Wight,  section  at,  194,  200. 

Brough,  account  of  the  fault  near,  62. 

,  coal  measures  near,  sometimes  resemble 

new  red  sandstone  in  colour,  387,  and  note, 
',  new  red  sandstone  conglomerate  near, 


described,  385. 
Brown  coal  formation  of  the  environs  of  Bonn,  447. 
,  de- 


scription of  the  argillaceous  deposits,  448. 


.,of 


the  siliceous,  448. 


■,of 


the  lignite  beds,  449. 


recent  than  the  plastic  clay,  466. 


more 


,  its 

age  a  criterion  of  the  period  of  the  ejection  of 

the  unstratified  rocks  of  the  Siebengebu'ge,466. 

'    ■ ,  thick- 


ness of,  near  Briihl,  458. 


-  -* exists 

extensively  in  the  volcanic  region  of  the  Sie- 
bengebirge,  466. 

' f  vege- 
table remains  of  the,  examined  by  Prof.  Lin- 
dley,  451. 

■  ,  or- 
ganic remains  of  described,  450 ;  vegetables, 
450-452,  464;  fishes,  452;  insects,  453;  rep- 
tiles, 453 ;  quadrupeds,  454. 

■  '         >  ■  :      see- 

Lignite. 

Broun,  Prof.,  fossil  fishes  in  the  brown-coal  for- 
mation of  the  environs  of  Bonn  described  by, 
452. 

Brown,  Robert,  Esq.,  his  specimens  of  vegetable 
remains  from  the  lignite  of  Bonn,  referred  to, 
474. 

3r2 


817,  233. 
BurreU,  notice  of  new  red  santlstoru 
rale  near,  386. 


"  Caillard,"  or  crow-Umestoiie,  deaeription  of,  74>, 

■  ■' -   ,       .  owes  it!  existence 

to  •hella,  75. 
Caithnesa  gchiat,  proved  to  belong  to  the  old  red 
nnditone,  40f ,  406. 

,  ichtbyolitea  of^  placed  on  the  pa- 
rallel oftbe  Herefordshire  conutonea,  404. 
Calcareous  grit  formstioD,  near  Weymouth,  XS. 
Calcareotu  slate  and  litnestoce,  band  of  between 
the  green  slate  and  grauwacke  of  Cumberland, 
described,  49 ;  range  of,  £0. 

■  ,  faults  which  afiect 


imbedded  in  greywacke,  68*. 
Cslder,  Mr.,  referred  to  on  points  of  geology  of 

India.  419,426,428. 
CambridgeBhire,  beds  below  the  chalk  in,  303. 
,   foMik 

of,  SI 6. 
Cam  Dod,  top  of,  a  peat  moss,  SI. 
Cam  Fell,  nature  of  beds  forming  flanks  of,  91. 
Candem  in  the  Brisgau,  marine  beds  there,  np- 

poaed  to  be  coeval  with  the  Wenlden,  S30. 
"Cap",  a  remarkable  bed  in  the  lower  Purbcck 

strata,  ao  caUed,  S2S. 

■ ,  section  of,  at  "  Bacon-hall ",  823. 

Carbonaceous  (hale  and  fissile  gritstone,  group 

consisting  of,  deseribed,  7&. 

--— — ,  snb£- 

visiooaof,  7fi. 


1,  50,  et  teq. 


marked  by  valleys,  53. 


mationa  associated  with,  48. 


— ,  notice  of  the  for- 


their  aucceasion,  46. 


a  bed  of  coal,  75. 
Carbonate  of  lime,  fibrous,  in  the  Pnrbeckbcdt 
on  the  coast  of  Dorset,  11. 
generally      Carboniferous  chains  of  Cumberland,  Professor 
Sedgwick  on  the  dislocations  which  have  sepi' 
rated  them  from  iheCumbrian  mountains,  47,56. 

'■  -  ■  -         -■,     physics) 

features  of,  contrasted  with  those  of  the  slaic 
district,  47. 
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Carboniferous  formatioiui  of  the  North  of  En- 
gland, deposited  daring  a  long  period  of  com- 
parative repose,  56. 
m  succeeded  by  one  distin- 

guished by  remarkable  convulsions,  57. 

■     ■ efiects  of,  57. 

■  first  elevation  of,  suc- 


ceeded by  the  deposition  of  lowest  members  of 
new  red  sandstone,  58. 

■  movements  which  gave 


the  chief  impress  to  the,  anterior  to  principal 

dislocations  of  the  south-western  coalfields,  58, 

59,  note. 
Carboniferous  chain  between  Penigent  and  Kirby 

Stephen,  Prof.  Sedgwick  on  the,  69. 
— ^-^— — ^— — «  forms  a  mineralogical  link 

between  High  Peak  of  Derbyshire  and  region 

of  Cross  Fell,  69,  98. 
■  general  section  of  the  forma- 


tions composing  the,  70,  88. 
contains  six  bands  of  lime- 


stone, 70,  78,  75,  76,  78,  79. 


into  three  groups,  99. 


divisible 


' ' ,    lowest, 

almost  identical  with  mountain  limestone  of 
Derbyshire  and  Bristol,  99. 

■  ,  middle. 


conforms  to  portion  of  Cross  Fell  carboniferous 
system,  99. 

,_-..^___,^_— .^ ,  third,  or 

millstone  grit,  common  to  carboniferous  system 

of  England,  99. 

,  conclusions   drawn  firom 


structure  of,  99. 


between  Penigent  and  Kirby 

Stephen,  causes  disturbing  the  formation  of 
the  limestone  beds,  were  in  full  action  in  the 
valley  of  Tweed,  during  the  whole  carboni- 
ferous period,  99. 

— ^___ in  York- 
shire had  produced  considerable  effect  before 
complete  development  of  the  formation,  99. 
in  Der- 
byshire, and  the  south-western  coalfields  pro- 
duced but  small  modification,  99. 


Carboniferous  chain  between  Penigent  and  Kir- 
by Stephen,  beds  of,  slowly  deposited  in  a  sea 
of  considerable  depth,  100. 

contains     no    freshwater 


shells,  100. 


-,  fossils  of  distinct  species, 


not  confined  to  particular  beds,  100. 

-,  sudden  change 


in,  accompanied   by  change  in  mineral  cha- 
racter, 100. 
,  Trilobites,    Ammonites, 


and  Orthocera  not  found  above  the  scar  lime- 
stone, 100,  note, 

■,  bottom  beds  of  the  calca- 


reous groups  impure,  101. 
fossils,  which  are  small,  101. 


contain  few 


do  not  ge- 


nerally alternate  extensively  with  shale  and 
sandstone,  101. 

-,  top  beds   of  calcareous 


groups;  fossils  numerous  and  large,  alter- 
nate universally  with  shale  and  sandstone, 
101. 

,  inferences   respect- 


ing, 101. 

* ,  grit  and  sandstone  groups 

of  mechanical  origin,  and  less  continuous  than 
the  limestone,  101. 

-,  valleys  in  the  carbonifer- 


ous chain  are  valleys  of  denudation,  101. 

group,  opinion  of  the  Germans, 


that  it  forms  only  a  part  of  a  great  system,  in- 
cluding the  new  and  old  red  sandstones,  advo- 
cated, 401. 

series,  detached  masses  of,  within 


the  area  of  the  new  red  sandstone  in  Cumber- 
land, 391—393. 

-,  causes  which  may  account 


for  the  appearance  of  detached  portions  of, 
within  area  of  new  red  sandstone,  391. 

strata  in  Cumberland  not  always 


distinguishable  from  the  new  red  sandstone  by 
colour,  387,  and  note, 
Carrock  Fell  syenite,  boulders  of,  on  shores  of 
Solway  Firth,  388. 


Carrock  Fell  syenitB,  mixed  vitli  bonldera  from 
Dumfriesshire,  SS8. 

"  Carstone"  of  Norfolk,  what ;  placet  of  its  oc- 
currence, 313. 

Casterton  High  Fell,  account  of  beds  fonning  ihe 
flank  of,  9G. 

toBarkin,  section  from,  95. 

Caumont,  M.  de,  notice  of  memoir  on  bedsbelon 
tlie  chalk  in  Normandy,  330. 

Caxton,  sulphate  of  bary  tea,  found  near,  306,  nole. 

CenlTal  carboniferous  chain,  account  of  the  dis- 
locations by  which  the  Cumbrian  mountains 
became  separated  from  the,  56. 

Chalcedony,  veins  of,  frequent  in  the  sheets  of 
bare  rock  in  the  Dukhiin,  i22. 

Chalk  Beck,  notice  of  mass  of  carboniferous  lime- 
stone within  area  of  new  red  sandstone  in,  392. 

Chalk,  cavities  in,  filled  with  chalk  flints,  clay, 
and  sand,  at  White  Nore,  6. 

and  Oxford  oolite,  general  composition  of 

stratabetnecn,inihe  South-east  of  England, 104. 

,  arrange- 
ment and  list  of,  105. 

,  decline  of  its  summits  from  Bedfordshire 

to  Norfolk,  803,  &c. 

— ,  its  thickness  in  the  South-east  of  En- 
gland estimated,  SIS. 

-,  remarks  oa  iu  diatrtbution  and  charac- 
ters in  the  South-east  of  England,  SXft. 

,  foNili  of,  in  Wert  Norfolk,  SIS. 

,  inclination  of,at  the  Hogil»ok,SiirTe7,145. 

on  the  coast  of  Donetihire  described,  8. 

near  Dunstable,  i9S. 

— ;—  from  Dunstable  into  Norfolk,  SOfi. 

-,  its  course  through  Hertfordshire,  296. 

cut  through  at  DiM  in  Norf<rik,  311, 

at  HUdenhall  in  SnOblk,  SIO. 

in  West  Norfolk,  811;     at   Hunstanton 

CliS;  314. 

in  Oxfordshire,  270,  871. 

,  supposed  outlier  of  in  Rutlandshire,  306. 

,  the  red  strata  at  Speeton,  in  Yorkshire, 

referred  to  it,  315,  note. 

,  red,  at  Hunstanton  ClifF,  314. 

in  Lincolnshire,  310,  nole. 

on  the  north-east  of  Swindon,  26i,  370. 


Chalk,  fragments  of,  i 

shire,  SOS. 

,  lower,  near  Tetsworth,  fossils  of,  896. 

in  the  Vale  of  Wardour,  245. 

in  the  Isle  of  Wight,  182. 

"  Cheesecakes  ",  beds  locally  so  called  in  Bucks, 

289. 
Chelydra  Murchisonii,  a  new  fossil  species  from 

(Eningen,  memoir  upon  by  Thomas  Bell,  F.G.S. 

(PI.  XXIV.),  379. 
— ' ,  detail  of  its  proportioDi, 


380. 


Murchisonii,  '■ 


comparison    of  with  C. 

,  its  habits  described,  SSO. 

Chemical  combination  may  be  cause  of  volcanic 

combustion,  63. 
,  each  successive  action  ot 

would  tend  to  ultimate  quiescence,  CS. 
Chert,  concretions  of,  in  sand,  of  subsequent  far- 


117,  118. 


in   the    loner   green-sand, 

,  following  lines  of  &Ue  sirs- 

tification,  120. 

,  notice  ofbedsofshivered.neaT  Weymouth,  7. 

Chideock  Hill,  noiJce  of  loose  breccia  in  the  iiy* 

ferior  oolite  on  the  summit  of^  7. 
Chichester,  earthquake  around,  in  1 834, 15S,wfc. 
Chicksgrove,  in  the  Vale  of  Wardottr,  mm&»t, 

251. 
ClapbamtoPenigent,  notice  ofa  section  from,  M. 
Clay,  ferrugitious,  beneath  basalt  in  the  Chits  of 

tbe  Dnkhun  deacribed,  419. 
,  remarkably  tabulated,  in  the  Dnkfann  ^■ 

scribed.  417. 
■-•■■:     «e  Ganlt;   Kimmeridge-day ;  Oxfimt 

clay;  Weald-day. 
"  Clunch"  of  Cambridgeshire,  what,  S05, 
Coal-formation,  resemblance  of  part  of  the  Wtsl- 

den  to,  833. 
Coal,  gritstone  and  shale,  group  consisting  of,  near 

Penigent,  described,  79  ;  subdivisions  of,  79. 
Coal  measures  of  Whitehaven  were  disturbed  in 

part  anterior  to  the  new  red  sandstone  series, 
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Coal  se8mt,p«rtitteiioe  of,  in  the  Valley  of  Dent^ 
101,  note. 

**  Cologne  earth "  prepared  irom  an  earthy  lig- 
nite, 459,  note. 

Combe- Wood,    Oxfordflhire,    oolite    containing 
freshwater  shells  found  there,  275, 276. 

Composition  of  strata  between  the  chalk  and  Ox- 
ford oolite,  general  remarks  upon,  Sd2,  SSS. 

Concretions,  formation  of,  121. 

,  an  accident  illustrating, 
121,  note. 

of  chert,  near  Sandgate,  following 

lines  of  false  stratification,  120. 

,  coproid,  of  phosphate  of  lime,  in  the 


(jault,  111,  and  noie. 

Cone,  approaching  to  an  Araucaria,  found  on  the 
shore  at  Portland,  d40. 

of  an  unknown  species,  from  the  Hastings- 
sand,  (Plate  XXIL  £g.  10.),  181. 

■  from  the  Isle  of  Pur- 


beck,  (Plate  XXIL  fig.  9.),  230. 

Conglomerate  of  new  red  sandstone  near  Brough, 
Kirby  Stephen,  Burrel,  &c.,  described,  385. 

forms  lower  part  of  series,  S86. 

-  not  to  be  distinguished  from  the 

dolomitic  conglomerate  of  Mendip  Hills,  885, 
399. 

Conglomerates  of  the  lower  green-sand  in  Kent, 
of  what  composed,  118. 

Concan : — see  Konkhun. 

Coniferse,  silidfied  trunks  of,  found  in  the  "  Dirt- 
bed"  of  Portland,  13,  222,  230. 

-,  wood-cut  of  a  re- 
markable trunk,  found  in  Portland,  221. 

,  some  microscopic  characters  not  con- 


fined to  them,  222. 

'  accompanied  in  Portland  by  Cycadese, 


a  nearly  related  family,  14,  225,  230. 
at  Swindon,  above  the  Portland  stone. 


269. 


-,  petrified,  found  in  the  Lower  green- 


sand,  131. 


Hastings-sands, 


229. 


Coniston  Water  Head,  account  of  faults  between, 
and  Windermere,  52,  67*. 


Contortions  and  faults  in  the  Weymouth  district, 
35. 

Contraction  produced  by  diminished  temperature 
may  explain  some  of  the  great  parallel  corru- 
gations, 67. 

Conybeare,  Rev.  W.  D.,  indicates  the  group  pro- 
posed to  be  called  Portland-sand,  210. 

■  ,  his  account  of  the  Ox- 
ford oolite  referred  to,  274. 

Coprolite,  masses  resembling,  found  in  the  Gault, 
111  and  note,  368  note. 

green- 
sand,  over  Weald-clay,  181. 

Copt  Point,  Kent,  its  composition,  107. 

,  view  of,  from  the  east,  (PI.  X.  b. 

fig.  1.),  106. 

Coral  rag.  Professor  Sedgwick  on  the,  26,  note, 
213,  note. 

Coralline  or  Oxford-oolite,  near  Weymouth,  de- 
scribed, 23 ;  its  composition,  25 ;  its  extent, 
27. 

',  very  ferruginous  cha- 
racter of  the  upper  beds,  near  Weymouth,  27. 

Cordier,  M.,  reference  to  his  notes  on  the  Pays  de 
Bray,  327. 

Combrash,  notice  of,  near  Weymouth,  28. 

**  Comstone"  beds,  locally  so  called  in  Bucks,  288. 

Coulthard,  Capt.,  referred  to,  on  points  of  Indian 
geology,  418,  420,  426,  428. 

Cowleaze  Chine,  Isle  of  Wight,  section  of  the 
Weald  clay  at,  197, 198. 

Crow-limestone,  or  caillard,  description  of,  74. 

■  owes  its  existence  to 

shells,  75. 

Craven  fault,  description  of,  90. 

,  under  Baw  Fell,  97. 

—  ,  at  Clapham  Beck,  95. 

,  at  Short  Gill,  96. 

.  ,  near  Thornton  Force, 


95. 


•,  near  Wild  Boar  Fell, 


89. 


-,  account  of  efifects    produced   by. 


60. 


Fault,  63. 


-,  intersection  of,  with  the  Cross  Fell 


old  red  sandstone,  49,55,  65. 

Cumbrian  mountaini.  Professor  Sedgwick's  in- 
troduction to  an  accoiwc  of  the  general  struc- 
ture of  the,  47. 

,  parallelism  of,  to  the  chains 

of  Cornwall,  North  Wales,  &c.,  56. 

■     ,  central  portioiu  compoMd 
of  rocks  aoterior  to  the  old  red  Mndstone,  47. 

— ■ '  — ■  ■,  outsktrta  covered    by  de- 

posits chiefly  of  the  carboniferous  order,  47> 

,  notice  of  formations  coniti- 
tuting  the  central  portion  of  the,  48. 

• ,  order  of  aucceation  of  the 


stratified  deposits,  48. 


first    determined 


by  Mr.  Otley,  48. 


entirely  unconformable,  SS. 


;  older  and  newer  systems  of, 


nineral  axis  consists  of  u 

I  rocks,  49. 

,  formaiiong  on  t 


arranged  symmetrically,  49. 

,  general  strike  of  formations 


composing  the  chain,  49. 


northern  and  southern  cal- 
careous Bones  of,  cut  oST  from  the  ceotnl 
chain,  by  the  same  fault,  61. 

,  infL-rences  deduced  respect- 
ing, from  the  phenomena  accompsnying  the 
band  oflimestone  and  calcareous  slate,  54. 

' — ■  as  concerns  the 

valleys,  54, 

— ,  boulders    from. 

South  Lancashire,  Cheshire,  and  Oenbigbshire, 

Cycadece,  in  the  "  dirt"  above  the  "Cap"  of  Port- 
land, SliO,  222. 
. found  also  in  a  second  bed  of  dirt,  bebm 

the  "  Cap",  as  ;  a  large  tpecimen  deacribed, 

ibid.,  note. 
— •■      not   hitherto  found  at  Chicksgrove  or 

Wockley,  854. 
Cycadeoidese  of  Dr.  DucUand,  two  species,  fbond 

in  Portland,  2S0 ;    found  by  Miss  Benett  at 

Tisbury,  la. 
Cypris  Valdensis,  (PI.  XXI.  fig.  1 .).  why  aeparattd 

from  Cypris  Faba,  344. 
,  the  genus,  perhaps  not  diatiiq^ai^blciii 

the  fossil  state,  from  Cytherina,  S4S, 

,  other  species  oi;  177,  «60,  845. 

Cytherina,  a  marine  genos  of  Cruitacea,  neat  to 

Cypris,  SSS,  note;  345. 


Dangerfield,  Capt.,  on  a  tradition  respecting  t 
shoner  of  earth,  by  which  Oogein  was  de- 
stroyed, 426. 
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of  the  Wealden,  829. 


Dangerfidd,  Capt,  on  various  pointa  of  Indian 
geology,  referred  to,  410,  414,  416,  418,  420, 
424, 425,  426,  428. 

■  the  great  extent  of  the  trap 

formation  in  the  Peninsula  of  India,  428. 

Davy,  Dr.,  notice  of  a  hot  spring  in  Ceylon,  427. 

' — ,  on  laterite  in  Ceylon,  480. 

Deccan :  see  Dukhun. 

De  la  Beche,  H.  T.,  F.G.S.,  reference  to  his  me- 
moir on  the  green-sands  of  Devonshire,  284. 

*^— —«——-*— ^—  on  the  coast  of  Nor- 
mandy, 880. 

■  on  marine  equivalents 

-  and  Dr.  Buckland, 
on  the  vicinity  of  We3rmouth,  1,  217. 

Dent,  persistence  of  coal  seams  in  the  valley  of,. 
101,  note. 

Denudation  producing  valleys,  account  of,  in  Dor- 
setshire, 41. 

Deposits,  siliceous,  of  the  brown-coal  formation 
near  Bonn,  448. 

Depressions,  geological,  in  the  Weymouth  district, 
84. 

Desnoyers,  M.,  notice  of  memoir  on  beds  below 
the  chalk  in  the  North-west  of  France,  880. 

Devakl  Unci,  hot  wells  so  called  in  the  Konkun, 

427. 
Devonshire,  beds  below  the  chalk  in,  2SSf  &c, 

■,  subdivisions  of  the  green-sand  se- 
ries not  discernible  in,  2SS. 
Diluvium,  deposits  of,inthe  vicinity  of  Weymouth, 
44. 

M         — ,  organic  remains  occurring 

in  the,  44. 

Dinton,  Bucks,  quarries  at,  285. 

Dinton,  Vale  of  Wardour,  S.  Wiltshire,  248. 

"Dirt-bed"  near  the  bottom  of  the  Purbeck 
series,  in  the  Isle  of  Portland  described,  18, 
220. 

— — »—  of  the  Isle  of  Portland  affords  a  mea- 
sure of  the  duration  of  the  Portland  stone  in 
the  state  of  dry  land,  16. 

■,  notice  of  near  Upway,  15. 

■  Portisham,  15. 

..-........—.-._  Thame,  15. 


"Dirt-bed",  silicified coniferous  trunks  found  in, 

18,  218,  220. 

,  Cycadeae  found  in,  14,  224. 
,  notice  of,  in  the  Boulonnois,  15,  note. 
— — ,  a  second  and  lower  bed  of,  also  con- 
tains Cycadeae,  22S. 
"  Dirt,  black,"  on  the  Dorsetshire  coast,  what, 

287. 
"  Dirt,  black  and  grey,"  clays,  so  called  in  Bucks, 

290. 
Dislocations  in  the  coal-fields  of  Bristol  Channel, 

little  resemblance  of,  to  those  in  the  North,  58. 
,  disturbing 

action  probably  not  contemporaneous  with  that 

of  the  North,  58. 

-,  Prof.  Sedgwick  on  the,  which  have 


separated  the  Cumbrian  Mountains  from  the 

neighbouring  carboniferous  chains,  47,  56. 
Diss,  Norfolk,  section  quite  through  the  chalk  at, 

811. 
Distribution,  local,  of  the  strata  between  the  chalk 

and  the  Oxford  oolite,  in  the  South-east  of 

England,  821. 
Disturbances  of  strata  in  Buckinghamshire,  285. 
■  near  Hazeley,  Oxfordshire, 


286:  *etf" Gulls". 


-in  Portland,  218. 

-  near  Sevenoaks  in  Kent, 


184,  185. 
Disturbing  forces,  their  effects,  on  the  coast  of 

Dorsetshire,  32. 
Dolphin  Sty,  notice  of  fault  at,  90. 
Dorking,  and  Leith  Hill,  Surrey,  tract  between 

described,  148. 
Dorsetshire,  Mr.  Webster  on,  referred  to,  1,  206. 

-  coast,  fossils  of,  228. 
,  enumeration  of  authors  on  the  coast 

of,  1. 

,  geology  of  the  coast  of,  1,  206. 

,  the  subdivisions  of  the  green-sand 

strata  seen  in  Hants,  Sussex  and  Kent,  not  re- 
cognisable in,  9. 
,  description  of  tertiary  deposits  of 


the  coast  of,  4. 

,  description  of  puddingstone  in,  re- 
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Dorsetshire,  greensand  formation  of|  9. 

,  Hastings  sand  on  the  coast  of,  11. 

,  Purbeck  beds  on  the  coast  of,  U. 

,  description  of  inferior  oolite  in,  SO. 

,  successionof  changes  in  the  coast  of, 

45. 
Down  Glifi)  notice  of  a  conglomerate  in  the  infe- 
rior oolite,  farmed  of  fragments  of  that  rock, 

SI. 
Duddon,  notice  of  a  fault  in  valley  oflhe,  61. 
Dufrenoy,  M.,  notice  of  his  memoirs  on  the  beds 

below  the  chalk  in  the  South-west  of  Prance, 

330. 
Dukhun,  portion  of,    described    by    Lieut. -Gol. 

Sykea,  4DS. 

,  its  boundaries,  409. 

,  stratification  of,  410. 

,  the  Ghata  of,  411. 

,  the  valleys  of,  412. 

,  not  produced 

by  rivers,  413. 


columns  in,  415. 


■,  places  of  (heir  occurrence. 


,  prismatic  character  of,  418. 

,  ferruginous  day  associated 

with  basalt  described,  419;  its  localities,  t£. 
,  limestone,    three  forms  of, 


Dnkhun,  portions  of,  limestone,  specinien  o 
pact  found  by  Colonel  Sykea  in,  421. 

,  loose  basaltic  stones 
in  immense  quantities,  421. 

,  heaps  of  rocks  and  s 


,  occurrence  of  sheets  of  rock 

in  the,  422;  description  of  them,  ib.;  their  loca- 
lities, i5. 

,  structure  and  mineral  com- 


position of  the  trap  rocks  of,  422. 
,  a  variety  of  green  compact 

basalt  found  in,  422  ;  description  of  it,  423. 
,  prevalence  of  amygdaloids 

in  certain  localities  in,  4,U. 
,  amygdaloid  with  vermicular 


stilbite,  424. 


-,  minerals  found  in  the  trap 


r,  424  ;  their  localities,  425. 
,  natural  salts  of,  US ;  their 


413. 
-,  escarpments  of  the  Ghats  ir 


logical  feature  in,  414. 
■ ,  basaltic    and  amygdaioidal 


',  ores  of,  42C. 

',  no  organic  remains  r 


by  Colonel  Sykes,  436. 
,  the  absence  of  remarkable. 


gion  in,  428. 


-,  absence  of  volcanic  products 


415,  416. 

,  schistose,  indurated  clay  as- 
sociated with  basalt,  417. 

,  basalt  en  boules  (or  nodular 

basalt)  of,  417 ;  its  localities,  ib. 

■  ,  basaltic  dykes  of,  41S  j  their 


1-,  age  of  the  trap  fomution  of, 
— ,  laterite  of,  430;    its  loca- 


— ,  granite  of,  431. 

— ,  sedimentary  rocks  of,  431. 


,  mode  of  detertniaation  of 


the  elevations  of,  432. 

,  explanation  of  the  i 


accompanying  Col.  Sykes's  paper  on,  432, 
Dunnose,  in  the  Isle  of  ^Vight,  its  true  position, 

191,  note. 
Dunscombe  Hill,  notice  of  pits  in  the  chalk  of, 
filled  with  flints,  6. 
localities,  420,  430.      Dunstable,  Bedfordshire,  section  through,  2!>3. 
,  crystalline  of,  421.      Dunton,  Bucks,  (juarries  of  Portlandstone  at,2T2. 


,  pulverulent,  419; 
,  nodular,  420;  its 
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Dykes,  basaltic,  in  the  Dukhun  described,  418. 

,  a  remarkable  one  at  Hurreechun- 

durghur,  418. 
— — ,  of  the  Siebengebirge,  445. 


E. 

Earthquake  around  Chichester,   in   1834.    155, 

note. 
Eden,  account  of  cleft,  called  Span  of,  385. 
,  description  of  a  longitudinal  section  from 

Penigent  to  the  plains  of  the,  84. 
■ ,  Professor  Sedgwick  on  the  new  red  sand- 


stone series  in  the  basin  of  the,  383,  et  seq, 
— ,  sterile  sandstone  in  valley  of,  the  parallel 


of  forest  sand  of  Nottinghamshire,  387. 
Elevation,    effects    and  phaenomena  of,   in  the 

neighbourhood  of  Weymouth,  32 — 34. 
of  the  northern  carboniferous  chain, 

dislocations  produced  by,  59. 

marked  by  a  system 


of  longitudinal  faults,  59. 


level  among  the  strata  during,  63. 
>  — ,  fractures  produced 


by,  sometimes  inclined  to  each  other,  QS. 
— probably  produced 


by  protrusion  of  the  Cheviot  porphyries,  the 
Chamwood  syenite,  &:c.,  acted  on  by  volcanic 
agents,  63,  64. 
^— ^—  produced  by  vio- 


lent action,  and  of  short  duration,  64. 

Elephants'  teeth,  occurrence  of,  in  the  diluvium 
of  Dorsetshire,  44. 

Elie  de  Beaumont,  his  theory  of  epochs  of  ele- 
vation supported  by  position  of  the  older  for- 
mations in  British  Isles,  56,  65. 

— ,  coal-fields  of 

Bristol  Channel,  exceptions  to,  57. 

Endogenites  erosa,  found  in  the  Hastings-sand 
near  Hastings  and  St.  Leonard's,  167, 168. 

^— ,  its  external  forms,  (Plates  XIX. 
ftnd  XX.,)  172;  internal  structure,  175. 

England,  general  comparison  of  the  red  sandstone 
series  of,  with  that  of  Scotland,  402. 

-,  probable  appearance  of,  if  laid  dry  im- 
mediately after  the  carboniferous  period,  56. 


England,  South-east  of,  Dr.  Fitton  on  the  strata 

between  the  chalk  and  Oxford  oolite  in,  103, 

et  seq, 
_ ,  succession  of  geological 

events  in,  45,  S20. 
Eruptions,  volcanic,  of  the  Siebengebirge,  468 ; 

of  the  Roderberg,  ib, 
Everest,  Rev.  Robert,  on  trap  between  Calcutta 

and  Ghazipoor,  referred  to,  429. 
Exeter  conglomerate  may  be  equivalent  of  upper 

part  of  lower  red  sandstone  of  Yorkshire,403. 
Exogyra  (Gryphsea)  virgula,  found  in  the  Kim- 

meridge-clay  of  Buckinghamshire,  273. 

F. 

Farlton  Knot,  dislocation  near,  not  leading  branch 

of  Craven  fault,  60. 
Farnham,  Surrey,  section  near,  144. 
Faults,  account  of,  on  coast  between  Parton  and 

St.  Bees  Head,  393,  et  seq. 
at  Bothenhampton  and  Bridport  Harbour, 


-,  great  changes   of         40. 


and  contortions  in  the   Weymouth   di- 
strict, 35, 

— —  at  Osmington  and  Ringstead  Bay,  39. 
,  notice  of,  respecting  the  band  of  lime- 


stone and  calcareous  slate  of  Cumberland,  50 , 

et  seq, 

— generally  marked 


by  valleys,  52. 

Felspar,  glassy,  resembling  Cleavelandite,  in  amy- 
gdaloid, in  the  Dukhun,  424. 

Fenny  Stratford,  section  through,  292. 

Firestone,  (Upper  green-sand,)  section  of,  near 
Godstone,  137. 

near  Merstham,  140. 

at  Reigate,  137. 

First  millstone  grit,  description  of,  between  Peni- 
gent and  Kirkby  Stephen,  81. 

Fishes,  fossil,  of  the  Gault,  203,  259. 

Weald  clay,  180,  206. 

— — ^— — ~— ^-^—    examined    by 

M.  Agassiz,  180. 

< ^  Hastings  sand,  180,  206. 

■  Purbeck   strata,  230,   260, 


298. 


3s  2 


Ft*li««,  foawl,  of  the  PortJand  *tone,  261,  300. 

Portland  sand,  231. 

ridge  clay,  2Si,  303. 
Ftui]«  griuioae  and  carbonaceous  shale,  deacrip- 

lioB  of  beds  of,   between  StroBg    Post  and 

Mosdale  liineatones,  75, 
,  Moadale 

Moor  and  FouT-fatbom  limestones,  77. 
,  most  important  of  the  groupi  al- 
ternating with  the  limestone  series,  near  Pe- 

nigent,  77. 

,  aubdivisionB  of,  77. 

,  used  as  roofing-slate,  78. 

,  contains  two  beds  of  coal,  78. 

Filton,  William  Henry,  M.D.  P.G.S.,  "  On  Strata 

between  the  Chalk  and  Oxford-oolite  in  the 

South-Eait  of  England,"  103. 
,  objects  and 


plan  of  his  [>aper,  104,  105. 


-,  table  of  its 


3B4'. 


■  iinds      the 


"dirt-bed"  ofPortlaod  in  the  Boulonnois,  15, 

Fitton,  W.  J.,  remarkablespecimen  of  Ammonites 

found  by,  152. 
FiiDti,  accumtilationi  o^  due  to  the  actioD  of 

water,  6. 
Flbty  alate,  fragmCDts  of,  in  the  conglomerates  of 

the  Lower  green-aand,  117. 
Flookborough  Spaw,  congloinerate  of  net*  red 

iandstone  unconformable  to  moimtain  limeatone 


near,  S89. 
Flora  of  the  lignite  of  Bonn,  not  yet  explored, 

4fi),  464. 
Fog,  remarkable  appearance  in,  from  tbe  Hoga- 

back,  Surrey,  149,  note. 
Foliated- aand,  and  clay,  remarkable  alternation 

of,  168. 
Folksione,  vicinity  of,  strata  described,  105. 
,  coast  near,  view  of,  (Plate  VIII.), 

106. 
Forest  marble,  description  of,  in  the  Vale  of  Wey- 
mouth, S8  ;  fossils  of,  29  ;  its  extent,  29. 
— and  cornbraih  closely  united  in 

the  Weymouth  district,  3,  note. 


distribution  of:  we  the  Mamet  of  Comuiu,— 
Kent,  Surrey,  Sussex,  &c. 

de- 
scribed in  Dr.  FJiton's  paper,  deposited  in  dv 
Geological  Society's  Museum,  3ft4,  wXe. 

,  new 

speciesof,(PlatesXl.toXXIII.),Mr.Somb7'i 
descriptive  notes  upon,  275. 

lections  of,  defective,  334. 

,  list* 

of,  general  inferences  not  safely  deducible  frm, 
834. 

lion  of,  within  abort  distances,  334, 

,  syste- 
matic and  sCratigraphical  Tables  of,  351 — 36S. 

,  explanation  of  the  Tables,  3 SO. 

Fossil  remains  of  the  Loess  of  Bonn,  161,  462. 

Fossil  trees  in  the  Isle  of  Portland,  13,217, etitj. 

Foundations  of  geology,  are  accurate  minetalogi- 
cal  distinctions,  and  order  of  superposition,  St. 

Four-fathom  limestone,  description  of,  78, 

variable  in  ^tiij-fcnfw,  78. 

■  abounds      in      eacrinitd 

stems,  78. 

,  some  cberty  beds  of,  con- 
tain caaU  similar  to  the  acrewstooes  of  Derl^- 
shire,  78. 

Fovant,  Vale  of  Wardour,  secdon  at,  £46. 

Franklin,  Major,  referred  to,  on  points  of  gcok^ 
of  India,  418,  480,  426,  428,  429,  431. 

Fraser,  Mr.  on  the  extent  of  trap  in  TnHiB,  429, 

Freshwater  deposits  in  England,  publicaiinis 
upon,  324,  Note. 

,  limestone,  beds resembling.atthe top 

of  the  Portland  straU  ;  but  including  marine 
shells,  883. 

shells,  in  oolite,  at  the  bottom  of  the 

Purbeck  series,  in  Oxfordshire,  275 J76. 

Fuller's- earth  near  Aylesbury,  287, 

. of  Bedfordshire,  described  by  Hoi- 


loway,  in  1723,295. 
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FuUer's-earth  at  Nutfield,  Surreyi  141|  includes 

sulphate  of  barytesi  141. 
'  near  Woburn,  section  of  a  pit,  294. 
,  grey  day  on  the  coastof  Dorsetshire, 

probably  the  equivalent  of  the,  near  Bath,  29. 


G. 


<« 


Gault,*'  a  local  term  in  Cambridgeshire;  its 

meaning,  306. 
Gault,  general  remarks  on  the  distribution  and 

characters  of,  in  the  South-east  of  England, 

S23. 
— — ,  its  thickness  estimated,  319. 

,  its  constancy  remarkable,  SftS. 

•  incloses  nodules  containing  phosphate  of 

lime.  111,  and  note. 
,  bed  supposed  to  resemble,  in  the  Lower 


green<sand,  142,  note. 

',  the  red  beds  at  Hunstanton  supposed  to 


represent,  812;  doubtful,  SQ5y  note. 

,  coproid  masses  found  in,  examined  by 


Dr.  Prout,  111,  note, 

-  near  Aix-la-Chapelle,  323. 

-  in  Berkshire  and  Oxfordshire,  271. 
.-         in  the  Lower  Boulonnois,  323. 

«>        in  Buckinghamshire,  291,  note. 

-         near  Cambridge,  its  general  relations,  306. 

— ^-  not  found  on  the  coast  west  of  Weymouth, 


9. 


on  the  coast  of  Kent,  described,  109. 

-  near  Liege,  323. 

-  near  Leighton  and  Wing,  294. 
.  in  Norfolk,  312. 

-  near  SwindoUf  265. 

-  near  Thame,  279. 

.  in  the  Vale  of  Wardour,  247. 

.in  the  Isle  of  Wight,  184. 

-,  fossils  of,  in  Bedfordshire,  296. 

.  in  Cambridgeshire  and  Norfolk, 


316. 


of  Surrey,  152. 


on  the  Dorsetshire  coast,  228. 

near  Folkstone,  112. 

in  the  interior  of  Kent  and  part 

in  the  Isle  of  Wight,  203. 
in  South  Wiltshire,  258. 


Garsington,  Oxfordshire,  stratification  at,  270. 

,  quarries  of  Portland- 
strata  at,  277. 

Geology,  foundations  of,  are  accurate  mineralogi- 
cal  distinctions,  and  order  of  superposition,  67. 

Germany,  central,  proofs  of  identity  of  new  red 
sandstone  system  of,  with  that  of  England, 
399. 

Ghats,  true  meaning  of  the  term  explained,  409. 

of  the  Dukhun,  general  description  of,  41 1 . 

,  escarpments  of 'described, 

414. 


,  sections  respecting,  (Plate  XXVIII.)  ex- 
plained, 432 ;  have  a  slightly  perspective  cha- 
racter, 1*6. 

-,  some  heights  in,  determined  by  boiling 


point  of  water,  432. 

Glaisher  &  M'Lauchlan,  Messrs.,  heights  in 
Cambridgeshire  ascertained  by,  370. 

Glennie,  Rev.  J.  D.,  drawing  by,  of  the  coast 
near  Hythe,  (Plate  VIII.)  106. 

,  drawing  by,  of  Copt  Point, 

from  the  east,  (Plate  X.  b.  fig.  1.)  106. 

Godalming,  Surrey,  section  at,  146. 

Godsione,  Surrey,  section  through,  (PI.  X.  a. 
No.  2.),  137. 

,  sectional  list  of  firestone  pits  near,  137. 

Goldfuss,  Prof.,  remains  of  insects  in  the  brown- 
coal  formation  of  Bonn  have  been  described  by, 
453. 

,  fossil  remains  of  reptiles  in  the 
environs  of  Bonn  described  by,  453. 

Goodhall,  H.  H.  Esq.  {deceased)^  a  fossil  species, 
of  Nerinea  named  after,  348. 

Grauwacke  of  the  environs  of  Bonn,  436 ;  its  lo- 
calities and  extent,  t6. 

Granite  and  gneiss  regions,  in  the  Peninsula  of 
India,  of  amazing  extent,  428,  431. 

— — ,  its  great  extent  in  India  mentioned  by 
Dr.  Voysey,  431. 

,  fragments  of,  found  in  the  gravel  at 


Muswell  Hill,  Middlesex,  293,  note. 

of  Skiddaw  Forest  overlaid  by  crystalline 


slates,  48. 
Gravel,  angular,  account  of  beds  of^  near  Wey- 
mouth, 7 ;  referred  to  the  tertiary  period,  6. 


Onto  iBkiWT  tiTtbe  ParHaoB-maai,  IAS. 
GrMDock,  Lord,  fuutk  of  tli«  Kenuali  taut  ot 

by,  !lf. 
Gtmb  quntzoap  slur  of  Comberland,  oodcei  d. 


but  DOE  coDtoned,  S5  ;   uid  wbj,  55. 

GrecD  qimttofe  sUie  of  CumbeHAnd,  ci 

orgBnie  mnaina,  48. 


R  the  ctrau  ia  the  «um^ 
I,  50t-SO£. 
m  of,  ovtt  the  browD-coal  fomMiion, 
H  th*  eavtrom  of  Bonn,  455. 
GrajMonr  Huue,  >«couDt  or  ibe  limMtcme  atar, 

50,  OfM^Mrf*. 

Gnvo,  St., "  Harbfe  i  PftluaioM".  in  tbe  P&yide 

Bny, ««. 
OtMtColn  (in  CunbtrUad},  cnamenitionor  beds 

-  to  IngUton,  notice  of  a  wctioti  from, 

0(nt  Riigtynj  fiuilt  (in  Dorwubire),  descrip- 

IJOD  of  tlic,  80. 
(fMai  vuir  litne«li>ne,  deMription  ofi  70;  full  of 

liitur**,  71- 


bed  of  iiBKatonie,  48. 


origin  of  (be,  55. 
Grecs-saiul,  tbe  lenn  objectioiuible;  bat  adopud: 

why,  105,  note. 
in  Devonabire,  do  «nbdiviiMni,iiJ, 


',  list  of  fog&Qs,  339. 
in  Dorsetshire,  described,  9. 

reposea    anccnnT^ 


on  tbe  Purbeck  beda,  Ponland  siooe,  1 
ridge  clay,  Oxford  rlay,  Inferior  ooliie,  Im  ud 
red  marl,  1 0. 

tn  nonttsody.' 


nun  loDfcontlmied  action  of  water,  71. 
-..  ■ . — ■— — —  -   .1  ,  how  iome   were 


on  Kimineridge  clay,  coral   T*g,  and  Oxford 

clay,  11. 

cavenif,  71.      Oreen-sand,  Lower,  inineraIog;ical  natnie  of  tk 

not  fonned  by  tbe         pebblea  composing  the  conglomerate  bedi,  116, 


probably  ferraod,  71. 


bctwaett    Penigent    and 
Kirltby  BMphra,  eoDUini  no  banda  of  cool,  72. 
——I.  —I  boda of reddiah  aanditone 


alunwia  with,  in  tha  lower  part,  7t. 
— . paasea  npwarda  by  alter- 

naiioiuinto  agroupef  aMidatoMBndaliBle,  72. 
(iraat  upper  *hale,  dMcription  of,  between  Peai- 

Ifoni  and  Kirkby  Stephen,  81. 
(Jreuri  inaiter  of  the  Lower  green-aand,  analysed 

l>y  M.  Ilmliifr,  108,  100,  note. 
„f    iliif   green-sandii,    analysis    of, 

tiy  Dr.  '['urntr,  108,  and  note. 
llio  sarnu  in  several  different  strata. 


ufiand,  ](t: 


-  includes  concredoMofdMR, 

— -'  —  eaaily    remoTed  by  waw, 
197,  note. 

,  eroded  carities  on  iu  iDr&ce, 

contaming  gravel,  144. 

' ,  chalk-flint  gravel  on  iti  mr- 
face,  within  the  Wealden  denudation,  158. 

—  ■  ■       ,  general  remarks  on  its  cfc»- 

ractera  and  diatribotion  in  the  South-east  of 
England,  323. 

— ,  in  contact  wiih  Kimmeridge- 

clay  at  Little  Brick  Hill,  Bedfordshire,  295. 

with   sand   of  ^^e 

Portland  strata,  at  Swindon,  265. 

■     ■  ■  ■,  ii9  thickness  in  the  Souih- 


-  of  the  bcdi  above  the  chalk,  339. 


east  of  England  estimated,  319. 
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Green-sa&di  Loweri  near  FoUutone,  8ubdi?idfd 
into  threei  115. 

r  ■  ■    -I   lst»  or  up- 

per subdivision  describedi  116,  118. 

,  2nd,  or 
middle  subdivision,  121  ;  detail  of  beds,  123. 

,  Srd,  or  low- 
est, subdivision,  124,  125;  contains  beds  of 
limestone,  126,  127. 

,  subdivisions  of,  near  God- 


stone,  ld7« 


-subdivisions  of,  near  Pulbo- 

rougb,  like  those  of  Folkstone,  155. 
,  ridges  of,  between  Seven- 


oaks  and  Godstone,  I  S3. 

'  near  Aylesbury,  285. 

'  in  Oxfordshire  and  Bedford- 


shire, 271. 

— — —  in  the  east  of  Bedfordsliire, 

295  ;  subdivisions  probably  exist  there,  295. 

at.Brill,  280. 

in  Cambridgeshire  and  Nor- 


folk, 806. 


at  Long  Crendon,  282. 

»  near  Farnham,  its  thickness 

and  probable  subdivision,  145. 
— — — — ^  at  Hunstanton,  314. 

■  near  Leighton,  294. 
»  near  Merstham,  141. 

.  in  Norfolk,  313. 

— — ^—  in  the  Pays  de  Bray,  327. 

at  Quainton,  289. 

■  in  Surrey,  advances  by  pa- 


rallel steps,  or  ranges,  143. 

— — — — ^—    near  Swindon,   in  contact 


with  sand  of  the  Portland  strata,  (wood-cut), 
265. 

near  Thame,  279. 

at   Tilburstow    Hill,    near 


GraeiHMnd,  Loweri  fiMsiLi  of;  near  Fdkstond, 
127. 

in  the  interior  of 
Kent  and  Surrey,  152. 


204. 


268. 


in  Hampshire,  157. 

in  Norfolk,  317. 

in  the  Isleof  Wight, 

in  North  Watshire, 

'  in  Oxfordshire  and 

Bucks,  297. 

Green-sand,  Upper,  remarks  on  its  distribution, 
and  characters  in  different  places  in  the  South- 
east of  England,  322. 

,  its  thickness  estimated,  318. 

■  not  prominent  between  the 

coast  and  Godstone,  131. 

-,  the  firestone  beds  near  God- 


stone, a  part  of,  137. 

■  in  Cambridgeshire,  306. 

— -■  near  Folkstone,  107. 

near  Godstone,  137. 

in  Hampshire,  154. 

— at  Hunstanton,  314. 

in  West  Norfolk,  812. 

— — in  Oxfordshire,  270. 

in  the  Pays  de  Bray,  327. 

■ in  the  Vale  of  Wardour,  246. 

»  fossils  of,    in  Dorsetshire, 


228. 


^**  ^ 


Godstone,  (wood-cut),  138* 

at  Whitchurch,  291. 

in  the  Vale  of  Wardour,  248. 

in  the  Isle  of  Wight,  1 84, 1 88, 


191, 195,  200. 


-,  fossils  of,  in  Bedfordshire, 


297. 


——————  near  Folkstone,  108. 

--— — — ^— —  in  Hampshire,  156. 
'     '  in  Oxfordshire,  296. 

-—-—------———  m  Western  Sussex,  156. 

in  the  Isle  of  Wight,  202. 

■  in  South  Wiltshire,  257. 

in  North  Wiltshire,  267. 

Greenstone,  large  masses  of,  found  on  the  sur- 
face near  Hunstanton,  314,  note, 

,  worn  fragments  of,  in  the  superficial 

gravel  of  Cambridgeshire,  304. 

*' Greenstone,"  beds  locally  so  called  in  Bucks, 
288. 

Greywacke  of  Cumberland  contains  beds  of  im- 
pure limestone  Aill  of  organic  remains,  48. 
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Greyvracke  of  North  Devon  tad  part  of  South 
Wales,  probably  elevated  afler  completioo  of 
carboniferoui  »eHea,  57  ;  does  not  conform  to 
the  range  of  otiier  greyvracke  chains,  i7>. 

Gritstone  shale  and  coal,  description  of  a  group 
of  beds  of,  between  the  first  and  second  mill- 
stone grits,  82. 

—    .between  ilie  twelve- and 

four-fathom  limestones,  79. 

,  bctneen  the  lecond  and 


Hastings,  ledges  of  rock  on  Ate  coast  near,  165, 

diuf  note. 
,  great  dittnrbance  of  the  strata  uetr, 

169,  note. 
Hastings -aand,  a  member  of  the  Wealden  group. 


upper  miltslone  grits,  described,  82. 

Growth  of  plants,  on  former  surfaces  of  the  globe, 
limitation  of  inferences  from,  321,  note. 

Gryphma  Virgula~(w«  Exogyra,)2T3. 

Guildford,  Surrey,  description  of  Upper  green- 
sand,  &c.,  near,  144. 

"  Gulls "  (or  Gullies),  eavilies  so  called,  in  the 
PorUand  strata  at  Great  Haieley,  S76. 

,  wood-cut  of  one,  276. 

evidently  the  effect  of  disturbance,  876. 

,  surface  over,  not  irregular,  276. 

analogous  to  cavities  in  the  lower  Pur- 
beck  strata,  in  Portland,  and  Buckinghamshire, 
ase  ;  and  in  the  Pays  tie  Bray,  SSS. 

Gypseous  marls  of  central  England,  wanting  almost 
entirely  in  new  red  sandstone  of  valley  of  the 
Eden.  387. 

H. 

Hailstone,  Rev.  Hr.,  on  the  Ticinity  of  Cambridge, 
3oa,  304,  Mofaf. 

Hamitea,  remarks  on  a  spiral  portion  o^  by  the 
Rev.  Gerard  E.  Smith,  3S7. 

Hampshire,  geological  reaiures  of  part  of,  15S. 

"  Hardatone,"  bed  locally  ao  called  in  Bucki.  290, 

contains  Paludins,  290. 

Harter  Fell  to  Wild  Boar  Fell,  accoimt  of  t  sec- 
tion from,  (Plate  VI.  fig.9.),  97. 

"Hassock"  of  the  Kentish  quarriea,  what,  127. 

Hastings,  view  of  cliffs  on  the  east  of,  by  Mr. 
Webster,  (Geol.  Trans.  2nd  Ser.  ii.  PI.  V.), 


16: 


-,  cliffs  on  the  west  of,  great  recent  altera- 
In,  165,  &c.  382». 

-,  sectional  sketch  of  (Plate  X.  b. 


103. 


-,  jiinction  of,  with    the    Purbeck 


,  ledges  of,  in  the  sea,  in  the  li!e 

of  Wight,  1 86  ;  and  near  Hastings,  1 6S,  notr. 
,  probable  outliers  of,  in  Bedford. 


e  and  Bucks,  204,  and  note. 
fossils  of,  (supposed,)  ii 


in  Kent,  Surrey,  Sussei, 

and  Hampshire,  176. 
near    Hastings,  contains  namrr- 

ous  specimens  of  Endogenites  erosa,  172. 
,  cone  of  unknown  species  found 

in,  181. 
in   Kent,   Surrey,   Siusex,  and 


n  the  Dorsetshire  coast,  11,  S29. 
a  the  Vale  of  Wardour,  243. 
marine  deposit  coeval  with  the 
e,  329,  330. 


Haute  Sadne,  a  marini 

Wealden  occurs  iher 
"  Haael-mould,"  soil  over  upper  green-tand  to 

called  in  Surrey,  141. 
Hazeley,  Great,  Oxfordshire,  quarriea  at,  276. 
Headington,  Oxfordshire,  section  at,  278,  279. 
"  Heath,"  beds  locally  so  called  in  Bucka,  289,296. 
Heaps  of  rock,  remarkable,  io  the  Dukhun,  de- 

cribed,  421. 

,  placea  of  their  occurrence,  421. 

Height  of  the  surface  of  the  Rhine  at  Bonn,  472. 
Heights,  in  the  Gb&ts  of  the  Dukhun,  (Seetkn, 

Plate  XXVni.),4U, 433;  some  determined  by 

boiling  point  of  water,  432. 

,  in  the  environs  of  Bonn,  table  of,  471. 

in   the  South-east  of    England,  msny 

well   determined   by  the  recent  levelling  for 

railroads,  375. 
,  list  of,  in  the  South-east  of  England. 


371—381". 


fig.  S.},  164. 


-  explanation  of,  and  reference  u 


authorities  for,  309—371. 
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Helsingburg,  in  Scania,  probable  existence  there, 
of  a  deposit  analogous  to  the  Wealden,  S30. 

Hematite  of  Mahabuleshwur  in  the  Dukhun  pro- 
duces the  Wootz  steel,  426. 

Henslow,  Rev.  Prof.,  his  observations  on  the  strata 
containing  stratified  trunks  in  Portland,  16, 
note;  referred  to,  218,  220. 

' ,  notice  of  the  temperature  of 

springs  in  the  neighbourhood  of  Weymouth,  44, 
note, 

Herschel,  Sir  John,  examines  the  colouring  mat- 
ter of  the  green  sands,  109. 

,  sectional  drawings,  and  lists 

by,  of  the  strata  on  the  south  of  the  Isle  of 
Wight,  referred  to,  186. 

High  Pike  to  the  top  of  Great  Colm,  notice  of  the 
beds  from,  87. 

Hill  forts  in  the  Dukhun,  their  great  strength  due 
to  trap,  414. 

Hills,  Mr.  of  Court-at-Street,  Kent,  numerous 
fossib  collected  by,  112,  127,  note,  128,  889. 

Hindhead,  Surrey,  stratification  at,  144. 

,  sands  near,  described,  147. 

Hockliffe,  in  Bedfordshire,  section  through,  292. 

Hoer,  in  Scania,  fossil  plants  there  analogous  to 
those  of  the  Wealden,  but  probably  belonging 
to  the  oolite  series,  380. 

Hog's-back,  Surrey,  a  ridge  of  chalk  strata  highly 
inclined,  145. 

Hole  Beck  near  Stank,  beds  of  cellular  magnesian 
limestone,  form  base  of  red  sandstone,  889. 

Hollows,  which  may  have  been  craters,  in  the 
Vindhya  range,  mentioned,  428. 

Holworth  Cliff,  notice  of  the  spontaneous  com- 
bustion of  the  Kimmeridge  clay  in,  ftS. 

Homer,  Leonard,  Esq.,  on  the  geology  of  the 
environs  of  Bonn,  488. 

....—_* geological  specimens  de- 
posited by  him  in  the  museum  of  the  Society^ 

484. 

,  his  coloured  map  of  the 


environs  of  Bonn^  484. 


,  his  notice  of  Mr.  Ly* 

ell's  observations  on  the  loess,  475,  476. 

— ■,  modification  of  his  opi- 


Hol  springs  of  the  trap  mountains  of  Rajmahl, 

427. 
Howgill  Fells  to  Baw  Fell,  account  of  a  section 

from  the,  96. 
Hunstanton  Cliff,  Norfolk,  sectional  lists  of  strata 

at,  818,  814. 

,  sections  of,  by  different 

geologists  compared,  815,  note. 
"  ,  red  stratum   between 


the  chalk  and  the  Lower  green-sand  there,  814, 
815,  note. 

Hunter,  Rev.  Joseph,  notes  by,  on  the  word 
Hurst,  162,  note. 

Huntingdonshire,  not  yet  described  geologically, 
808,  note, 

Hurreechundurghur,  hill  fort  of,  its  situation  de- 
scribed, 411. 

■       ' ',  remarkable  basaltic  dyke  at, 

4to. 

I  !■  ,  glassy  felspar,    resembling 

Cleavelandite,  found  there  in  amygdaloid,  424. 

''  Hurst'',  the  word  of  frequent  occurrence  in  the 
names  of  places  in  Kent,  Sussex,  andSurrey,l  6 1 , 
note, 

,  its  meaning  explained,  162,  note. 

Hylaeosaurus,  a  new  fossil  of  the  Wealden,  dis- 
covered and  described  by  Mr.  Mantell,  179. 

I. 

Ichthyophthalmite  in   the    amygdaloid    of   the 

Dukhun,  424. 
,  splendid  specimens  of,  found 

at  Poona,  425. 
Ichthyosiagones,  a  name  given  to  a  species  of 

Trigonellites,  by  Dr.  Riippell,  848. 
Iguanodon,  new  portions  of  the  skeleton  found 

near  Maidstone,  in  the  Lower  green-sand,  182, 

note. 
India,  age  of  the  trap  formation  of,  undetermi- 
nable, 429. 
,  Peninsula  of,  its  characteristic  geological 

features  recapitulated,  481. 

,  granite,  its  baais,  481. 


nions  respecting  the  history  of  the  loess,  479. 
TOL.  IT. — SECOND  SERIES. 


Indus,  mouth  of  the,  phenomena  there  like  those 
which  produced  the  strata  in  Portland,  226. 

3  T 


Inferior  oolite,  description  of,  on  the  coast  of  Dor- 
setshire, 30. 
Ingleborough,  iuecessionofbeita  on  the  flanks  of. 


85. 


Inglelon  to  Great  Colm,  notice  o 

(PI.  VI.  fig.  6.).  D3. 
Insects,  fosBil,  of  the  environs  of  Bonn,  notice  of 

Prof.  Golilfuss's  description,  458. 
Iron  ore,  hematite,  of  the  Dukliun  produces  the 

Wootx  steel,  426. 
frogmeniB  of,  found  in  the 

Lower  green-sand,  117. 
,  pisolitic,  found  in  the  Hastings-sand  near 

Hastings,  166,  and  note. 

probably  not  confined  to  Hastings,  KS3. 

- ,  found  on  the  Continent,  in  ma- 


Kimmeridge  clay,  the  substratum  of  the  Isle  of 

Portland,  32. 

near  Aylesbury,  292. 

at  Little  Brickhill,   in  contact 

with  Lower  green-sand,  293. 

in  Cambridgeshire,  307. 

at     Headington,    Oxfordshire, 


-  near  Muswell  Hill,  283. 

-  in  Oxfordshire  and  Bucks,  37$. 
— ,  a  portion  of,  wanting  nesrOs- 


ir  Swindon,  207. 


rine  deposits  supposed  to  be  coeval  with  the 
Weslden,  829,  380. 
,  tilBJiifcrous,    at   Hunstanton,    Norfolk, 


Kankar:    «m  Kunkur,  431. 

Kent,  coast  of^  b^a  below  the  chalk  o: 


ih  West  Norfolk,  315. 

near  Weymouth,  21. 

at  Whitchurch,  291. 

' ,  fossils  of,  in  Bedrordsliire,C>n> 

bridgeshire,  and  Norfolk,  317. 

in  Dorsetshire,  SSI. 

in  Oxfordshire  anil 


the  marly  undetone 

of,  in  Ringslead  Bay,  2t. 

— ■ at  Swindon,  f 69. 

,   notice    of  its   occtirrenec  in 


-■i.  . — -;  MfCi^tPomtiFoIksloii^  Sand- 
gate,  Hythe,  &c. 
,  ancient  clifib  of,  now  separated 


from  the  lea  by  Romney  Muth,  161. 

'    ■■-,  general  aection  of  (Plate  X.  a. 

No.  6.),  18S,  and  note. 
— '    '■■■—         ,  another  aeclion,  on  the  true  scale 

of  height  and  distance,  (Plate  X.  a.  No.  8.  lower 

line),  163,  note. 
— ,  near  Folkstone,  new  ttf,  by  the 


Rev.  J.  D.  Olennie  (Plate  VIII.). 

,  BaM,  Packe's  Map  of,  1743, 106. 

,  interior  of;  tee  Houghton,  Maidstone,  &c. 

Kimmeridge  Bay,  described,  21,  212. 
Kitnmeridge  clay  and  Weymouth  beds,  in  the  Isle 

ofPurbeck,812. 


sibly  i 


»  Oxford  oolite,  331, 

-,  its  thickness  in  the  Souili-east 


of  England,  estimated,  320. 


France,  28. 

,  spontaneoua  oombtution  in,  U 

Holworth  Clifif,  near  Weymouth,  Dorwt,  23. 

Kirkby  Lonsdale,  dislocation  near,  not  the  leading 
branch  of  the  Craven  fault,  60. 

Kirkby  Stephen  and  Penigent,  Prof.  Sedgwick  oa 
the  carboniferoua  chain  between,  69. 

,  description  of  a  longitiKlinal  sec- 
tion ft-om  Penigent  to  the  {dains  of  the  Eden 
near,  M. 

'  '■  ,  new  red  •andstone  conglomeralc, 

near,  described,  385. 

Konkun,  (East  Indies),  general  description  of,  4!  I . 

,  thermal  springs  of,  427; 

their  localities,  ib, 

•    — —  — ,  widely  diffused 

there,  427. 

Kuokur,  (nodular  limestone),  signification  of  ibe 
word,  420,  430. 

■  ,  its   characters   in    the    Dukhun    de- 
scribed, 420. 
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Kunkur*  analytit  of  by  Mr.  Prmsep  stated, 
431. 

,  not  the  combraBh  of  England,  431. 

L. 

Lancashire,  Prof.  Sedgwick  on  the  new  red  sand- 
stone series  on  the  north-western  coast  of, 
383. 

Langcombe,  Oxfordshire,  section  at,  278. 

Laterite  of  a  portion  of  Dukhun,  described,  430. 

,  places  of  its  occurrence,  430. 


Limestone,  range  of  the  bed  called  **  Strong  Post,'* 

75. 
-'— — —  and  calcareous  slate,  account  of  a  band 

of,m Cumberland,  between  green  slate  and  grey- 

wacke,  49. 
— full  of  organic  remains. 


49. 

separated  by  enormous 

masses  firom  other  calcareous  strata,  49. 

-,  most  western  appear- 


ance of,  at  Beck,  49. 


-,  great  faults  which  af- 


associated  with  hematite,  said  to  occur  at         feet  the  band,  50,  et  $eq. 


the  source  of  the  Krishna  river,  430. 
■■     region^  in  the  Peninsula  of  India,  of  very 


great  extent,  428. 
■      passes  into  Ceylon,  430. 


Leighton  Buzzard,  vicinity  of,  293. 

Leith  Hill,  Surrey,  142,  143. 

**  Lets,"  eroded  cavities  in  the  strata,  so  called, 
at  Tisbury,  255  :  {see  "  Gulls.") 

Lias  formation  of  Dorset,  31 ;  enormous  depo- 
sits of  Belemnites  in,  31. 

Lignite:  «ee Brown-coal. 

■     deposit  of  Bonn  superior  to  the  chalk,465. 

,  no  remains  of  mollus- 
cous animals  to  be  found  in,  465. 

,  only  two  species  of  fish 


hitherto  met  with  in,  474. 
Lime,  phosphate  of,  coproid  masses  composed  of, 
frequent  in  the  Gault,  111,  note* 

^  examined  by 

Dr.Prout,  111,  note. 
Limestone,  three  states  of,  in  the  Dukhun,  419. 
,  crystalline,  in  amygdaloids,  of  the  Duk- 
hun trap,  described,  421. 

,  nodular,  (Kunkur)  of  the  Dukhun,  de- 


scribed, 420. 


sively  in  India,  430. 


occurs  very  exten- 


■  ■  ,  analysis  of  by  Mr. 

Prinsep  stated,  431 . 

-,  pulverulent  in  the  Ghats  of  the  Duk- 


hun, described,  419. 

^  description  of  the  bed  called  ''  Strong 


Post,"  75. 


marked  by  valleys,  52, 


generally 


at  Pool  Beck  Scar,  5Z. 


"t  exception 


tions  associated  with,  48. 


-,  notice  of  the  fimna- 


,  order  of  their  suc- 
cession, 48. 

,  first  esta- 
blished by  Mr.  Otley,  48,  and  note. 

',  cut  off  by  the  Sbap 


granite  of  Wastdale  Head,  54. 

1  rea{^[>ear8  beyond 


the  granite,  68*. 

Lincolnshire  Wolds,  structure  o^  310,  note. 

Lindley,  Profl,  examination  by,  of  specimens  of 
the  vegetable  remains  of  the  brown-ooal  forma- 
tion near  Bonn,  451. 

Loess  of  the  environs  of  Bonn,  description  of,  460 ; 
its  localities,  460, 461 ;  its  composition,  460, 461; 
fossil  remains  of,  46 1 ;  its  greatest  ekvation,  46 1  • 

I.  absence  of  vegeta- 
ble remains  in,  462. 

around  the  Roderberg,  474,  475. 

intermixed  with  volcanic  products,  in  ex- 


cavations near  the  Roderberg,  475. 
-,  notice  of  Mr.  Lyell's  writings  on  the,  475, 


480,  481. 

preatly  predominate 


aquatic  in  the,  475. 
—  absorbs  water  with  great  avidity,  475. 
-I  modification  of  Mr.  Homer's  opinions  rt« 


specting  its  history,  479-^81. 

3t2 


Loess,  relative  age  of  the,  469. 

probably   the  production  of  some  vast 

flood,  469. 
Loncbopteria  Mantelli,  said  lo  liave  been  found  at 

Wansfordin  Northamptonshire,  30d;  doubtful. 


Lonsdale,  Wdliam,  F.G.S.,  notice  of  his  e; 

tion  of  the  Oohtic  series,  near  Bath,  Z6l. 
,  linea  of  sections  by, 

in  Geol.  Trans.  Snd  Series,  vol.  iii. ;    Map, 

Plate  IX.,  261,  note. 

by,      near 


Calne,  Plate  X.  a.  No.  15  and  16,  mi. 

Loner  new  red  sandstone,  overlying  Whitehaven 
caal-fietd,  compared  with  that  of  the  Yorkshire 
and  Durham  coal-fields,  397. 

,  of  Yorkshire  and  Dur- 
ham, in  some  places  conformable,  in  some  un- 
conformable to  coal  measures,  597,  401. 

,  near  Whitehaven,  ex- 
cavated prior  10  the  deposition  of  the  magne- 

conformable 


to  the  coal  measures  on  the  coast ;  unconform- 
able in  the  interior,  397. 
Lulworth  Cove,  section  of,  east  side,  216. 

inclioed  itnU  near,  14. 

,    inference    from, 

respecting  the  trees  of  the  dirt-bed,  15. 
Lunn,  Francis,  Esq.,  on  the  confine!  of  part  of 

Huntingdonshire    and   Cambridgeshire,    303, 

nole. 
Lydden  Spout,  near  Folkilone,  Kent,  bniea  from 

the  loweit  chalk,  106. 
Lyell,  Charles,  Esq.,  P.G.S.,  observations  hy,  on 

the  eSect  of  earthquakes  at  the  mouth  of  the 

Tndiu,  tXO. 
,  obserrationi  on  the 

loess  in  the  higher  parts  of  the  valley  of  the 

Rhine,  475,  477. 
Lynn,  West  Norfolk,  deep  well  at,  in  the  Kim- 

meridge  and  Oxford  clays,  310. 


■>]'LsLicliIan,  Mr.,  observations  by,  on  the  chalk  of 
Bedfordshire  mil  Cambridgeshire,  303,  304. 


M'Lauchlan,  and  Glaisher,  Messrs,,  list  of  heigbis 
by,  in  Cambridgeshire,  370. 

Magnesian  conglomerate  and  limestone,  descrip- 
tion of  near  Barrowmoulh,  395. 

of  the  coast  near  White- 
haven compared  with  that  of  Nottinghamshire, 
Yorkshire,  and  Durham,  398. 

of  Bristol  coal-field  equi- 
valent of  magnesian  limestone  and  not  of  rothe 
todte  liegende,  399,  400. 

Mahr,  in  the  Konkun,  hot  springs  at,  437. 

Maidstone,  remains  of  tguanodon  found  near, 
132,  nole. 

,  lat^  Scaphites  found  near,  339. 

"  Malm,"  a  mass  so  called  at  Gsrsinglon,  Oxford- 
shire, belonging  to  the  Pur  beck  series,  877. 

"  Malm-land",  and  "  malm-rock",  in  Surrey,  what, 
154,  nole, 

rock",  in  Hampshire,  supposed  to  be  di- 
stinguished by  its  fossils,  154. 

Man-of-War  Cove,  section  at,  217. 

Mantell,  Gideon,  F.G.S.,  Hyleeosaurus,  a  He* 
genus  of  reptiles,  discovered  by,  179. 

,  his  observations  on 

remains  of  the  Iguanodon  found  near  Maid, 
stone,  133,  Rufe. 


-  ascertains  thatboun 


of  birds  exist  in  the  Hastings-aand,  3SS*. 
Mantell,  Mr.  Walter,  a  new  fossil  species  of  Unio 

found  by,  179. 
Marshes  of  Huntii^donBhire  and  Cambridgeshire, 

remarks  upon,  304. 
Martin,  P.  L,  F.G.S.     The  term    "  Wealden" 

proposed  by,  103. 

■ ,  his  obserrations  on  West- 

em  Sussex,  155. 
——^^^^^-^■^  on  the   drainage  of  the 

Wealden  Valleys,  150. 
,  beds  subordinate  to  the 


Weald  clay  carefully  traced  by,  160. 
■ ,  section  by,  through  West 

Sussex  (Plate  X.  a.  No.  5.),  155. 
Maryport    to   St.   Bees    Head,   country   almost 

wholly  composed  of  coal  measures,  3SS. 
Menzale,  description  of  the  lake  of,  12,  note. 
Merian,  M.,  marine  deposit  of  pisolitic  iron  ore, 
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described  by»  supposed  to  be  coeval  with  the 

Wealden,  SSO. 
Merstham,  Surrey,  section  at»  140. 
Mesotype  in  the  amygdaloid  of  the  Dukhun,  424. 
,  great  masses  of,  found  at  Aklapoor  in 

the  Dukhun,  425. 
Meyer,  M.  Von,  on  Aptychus,  referred  to,  348. 
Miller,  Mr.,  lateof  Bristol,  ((itfcfojec^,)  his  collection 

of  Blackdown  fossils,  299. 
,  a  fossil  species  of  Pecten,  named  afler, 

842. 
Millstone  grit,  description  of  the  group  called  the 

first  millstone  grit    between    Penigent    and 

Kirkby  Stephen,  81. 

,    called    the  second 


millstone  grit,  S2* 


»  upper  mill- 


stone grit,  82. 
Mineral,  new,  green,  breaking  into  ''Rhombs," 

found  at  Gorgaon  in  the  Dukhun,  425. 
Minerals  in  amygdaloid,  of  the  Dukhun,  mentioned, 

425. 
Mineral  axis  of  Cumberland  mountains,  unstra- 

tified  crystalline  rocks,  49. 
— ——  formations  on  the  sides  of,  arranged  sym- 


metrically, 49. 


',  general  strike  of,  49. 


Mineral  waters  of  the  environs  of  Bonn,  468 ; 
analysis  of,  t6. 

Mineralogica)  distinctions,  and  order  of  superpo- 
sition, the  foundations  of  geology,  67.  « 

Mosdale,  notice  of  the  beds  in,  98. 

Mosdale  moor  or  wold  limestone  described,  76 ; 
range  of,  ib. 

Mota  River,  the  valley  of,  on  the  south  of  Poona, 
exceedingly  narrow,  412. 

Murchison,  R.  I.,  F.G.S.,  his  observations  on  part 
of  Hants  referred  to,  158,  156. 

■  sketch  and  description  by,  of 

Hunstanton  Cliff,  (PI.  X.  b.  fig.  12.  b.,)  818. 

.  description  by,  of  the 


geological  place  of  a  new  species  of  Chelydra, 

referred  to,  880. 
Murchison,  Mrs.,  fossils  of  the  Green-sands  of 

Hampshire,  collected  by,  156. 
Muswell  Hill,  Bucks,  section  at,  279. 


Muswell  Hill,  near  Highgate,  Herts,  superficild 
deposit  there,  containing  fragments  of  several 
different  strata,  298. 

N. 

Nautilus  ph'catus,  wood-cut  of,  129. 

New  red  sandstone  series.  Prof.  Sedgwick  on 
the,  in  the  basin  of  the  Eden,  and  on  the  north- 
western coasts  of  Cumberland  and  Lancashire, 
888. 

f  geographical  distribu- 
tion of  in  Cumberland,  and  part  of  Lancashire, 
884,  405. 

employed  in  Westmore- 


land   and    Dumfriesshire    for    roofing-slate, 
886. 
■    connected  with  the  car- 


boniferous rocks  in  Cumberland  by  a  lower 
red  sandstone,  887,  400. 

"• ,  great  degradation  of. 


888,  889. 

of  Cumberland  differs  from 

that  of  the  Bristol  and  South  Wales  coal-field, 
by  passing  into  the  coal  measure  through  an  in- 
termediate sandstone,  891. 

■  in  some  parts  of  Cumberland 


is  concealed  by  enormous  masses  of  drifted 

materials,  888,  889. 

,  probable  extension  of,  at  a 


former  period  from  the  coast  of  Cumberland, 

to  Cheshire,  889. 

— ^^_— _  at  Hole  Beck,  base  of,  is 


cellular  magnesian  limestone,  889. 

,  the  gypseous  marls  of  central 


England  wanting  almost  entirely  in  the,  of  the 

valley  of  the  Eden,  887. 

,   carboniferous   beds  some- 


times resemble  it  in  colour,  887,  and  note. 

,    conglomerates    of,     near 


Brough  and  Kirkby  Stephen,  described,  885. 
^  not  to  be  di- 


stinguished from  thedolomitic  conglomerates  of 
the  Mendip  Hills,  885,  899. 
■■■■        of  England,  proofs  of 


the  identity  of,  with  that  of  central  Germany, 
899. 


New  red  sandstone  series, description  of  the  suc- 
e  deposits  which  compose  the,  from  Par- 
ton  to  St.  Bees  Head,  SS9. 

■ ,  lowest  member    of,  in 

the  North  of  England,  probably  produced  by 
the  dislocations  which  immediately  followed  the 
carboniferous  period,  58, 

^  deposition 

of,  followed  by  movements  of  elevation  anterior 
lo  the  magnesiaa  limestone,  58. 

,  once  extended  in  Cum- 
berland over  a  greater  surface  than  at  present, 


389. 


tlie  corresponding  « 
ham,  S99. 


formable  ti 
berland,  U 
087,  868. 


,  perfectly  analogous  1 
EB  of  Yorkshire  and  Dur 


-,  though 


the  carboniferous  system  in  Cum- 
not  conformable  on  a  great  scale, 


Noggerath,  Prof.,  bed  of  silicified  wood  a 
near  Ober  Cassel,  examined  by,  451. 

.  ,  fossil  remains  of  quadrupeds 

in  the  environs  of  Bonn,  mentioned  by,  iSi, 

,  on  the  shells  of  the  brown-coal 

formation  of  the  environs  of  Boim,  473. 

NomeoclatuTc  of  strata,  not  to  be  taken  from  mere 
external  character,  105,  note. 

Norfolk,  West,  general  sketch  of  the  geoU^ 
of,  309. 

,  fossils  of,  in  beds  below  the  chalk, 

316,  &c. 

North  Devon  and  pan  of  South  Wales,  grey- 
wacke  series  of,  elevated  probably  after  com- 
pletion of  carboniferous  leries,  57. 

' ' — ,  axes  of,   parnJlel, 

57. 

North  Wales,  no  obvious  centre  of  dislocation  io, 
67. 

,  strata  thrown  into  vast  parallel  un- 
dulations, 67. 


last  ramifications  of  the  Eden,  390. 


ley,  387,  note. 
■     .....  .1  between  Ap[rfeby  and 

HaryptKt,  generally  conformable  to  caiboai&r- 

ous  series,  S91. 
—  "    'I  — 1 1  near   St.  Bees  Head, 

both  ctmfonnable,  and  uncoafonnable,  391. 
Nicol)  Mr.,  of  Edinbuigh,  slices  of  fossil  wood 

prepared  by,  XXX,  note. 
Nilsson,  Professor,  of  Lund,  his  Petiifiwta  Sue- 

cana  referred  to,  3fiO. 
lObMmttou  by,  on 

a  deposit  resembling  the  Wealden  at  Helsii^ 

burg,  in  Scanta,  330. 
Nodular  limestone,  (Kunkur,)  forms  a  remarkable 

feature  in  the  geology  of  India,  430. 
,  organic  remains  in, 

belong  to  living  species,  431. 
region  of,  in  the 

Peninsula  of  India,  of  very  great  extent,  4Ji8. 


,  probably  not  produced 

unconformable  among  by  shocks  succeeding  after  long  intervals,  67. 

Northern  carhoni  fibrous  chain,  account  of  the  ef- 
fects produced  by  the  elevation  of,  59. 

marked  by  a  system 

of  longitudiiud  &ults,  59. 

Nutfield,  Surrey,  Puller's  earth  pita  there,  141. 

_ contain  snl- 

I^kateofbarytes,  141. 


CEaingen,  new  fossil  species  of  Chelydra  fion^ 
described  by  Thomas  Bell,  F.G.S.,  879. 

(Hd  red  sandstoiM  conglamerstes  oi^  North  of 
England,  often  have  a  much  sewer  appearance 
dian  those  of  the  new  red  sandstone,  390,  note. 

■ in  Wesbnoreland 

occur  at  several  points  whan  the  carboniferous 
chain  is  in  contact  with  greywacke,  69. 

'  near 

Hebblethwaite  Hall  Gill,  97. 

■ ,  pecidiarides    of   structure 

and  position  of  the  schistose  rocks  of  Cumber- 
land originated  in  causes  anterior  t 
of  the,  49,  55. 
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Oog^ioy  eity  of*  said  to  bare  been  estroyed  by  a 
shower  of  earth,  428  • 

0<rfite9  ooDtaining  freshwater  sheUs,  in  the  Pur* 
beck  bed»  at  Combe  Wood,  Oxfordshire*  275. 

—I  Oxford,  phenomena  presented  by,  at 
junction  with  the  Kimmeridge  day,  near  Ox- 
ford, 274. 

,  its  thickness,  in  the  South-east  of 


England,  estimated,  9ft0. 

at  BUckthom  bill,  Bucks,  274. 

beyond  Haddenham,  Cambridge- 


shire, 507. 


» at  Headington,  279* 
-I  at  Upware  on  the  Cam,  807. 
-,  fiMsils  of,  in  Cambridgeshire,  816. 
•  near    Oxford,  some    fossils    of. 


808. 
Oolitic  stone,  at  the  top  of  the  Portland  series ; 

somewhat  like  that  of  Bermuda,  224. 
Opal,  milk,  found  at  Oondurgaon  in  the  Dukhun, 

425. 
Order  of  superposition  and  accurate  mineralogical 

distinctions,  foundations  of  geology,  67. 
Organic  remains  help  to  unite  disconnected  base 

lines,  67. 
^  jj^jjg  found  in  the  Dukhun,  426. 

Osmington    and    Ringstead   Bay,    Dorsetshire, 
faults  at,  89. 

Otley,  Mr.,  order  of  stratified  deposits  of  central 
Cumbrian  mountains,  first  determined  by,  48. 

Oxford  clay,  in  West  Norfolk,  places  of  its  oc- 
currence doubtful,  816. 

in  Dorset^'re,  28. 

Oxford  oolite,  or  coralline,  near  Weymouth,  de- 
scribed, 25 ;  its  extent,  27. 

■    ■  ,  diflference  of  characters  of,  in  Ox- 

fordshire and  DorseUhire,  26  and  note,  27. 

Oxfordshire,  beds  below  the  chalk  in,  269. 

• ,  fossils  oft  296. 

Oysters,  their  occurrence  a  proof  of  the  presence 
of  salt  water,  821  noie» 

P. 

Packe,  Christopher,  M.D.,  his  map  and  memoir 
on  East  Kent,  (1748);  106  and  note. 


[uiue,  found  in  the  **  hard  stone  "  of  Quainton, 
Bucks,  290. 
Papierkohle  in  the  environs  of  Bonn,  firogs  and 

insects  found  in,  466. 
Parkinson,  Mr.,  his  name  Trigonellites,  retained, 

848. 
Parton  and  St.  Bees  Head,  account  of  the  coast 
section  between,  898. 

,  faults 
by  which  it  is  afiected,  894,  ei  seq» 
Passy,  M.,  notice  of  his  work  on  the  structure  of 

the  Pays  de  Bray,  827,  831. 
"  Pendle,"  fissile  freshwater  limestone  so  called, 

in  Bucks,  287,  289,  290. 
Penigent  and  Clapham,  notice  of  the  country  be- 
tween, 94. 

■    -  to  Stags  Fell  near  Hawes,  account  of  a 
section  from,  91. 

to  the  plains  of  the  Eden,  near  Kirkby 


Stephen,  description  of  a  longitudinal  section 
from,  84. 

-,  account  of  the  beds  composing  the  sum- 


mit of,  84. 
Peppingford,  in  Ashdown  Forest,  Sussex,  fossil 

Cone  found  at,  181. 
Petersfield,  fossils  from  neighbourhood  of,  156. 
Petrifactions,  siliceous,  amidst   calcareous  frag- 
ments, 882. 

■ —  of  trees  and  Cycadeae  in 

Portland,  225,  882. 

'  of  shells    at    Blackdown 

in  siliceous  sand,  882. 
Pewsey,  Vale  of,  stratification  described,  262. 

,  Dr.  Buckland  upon,  referred 

to,  268  ;  a  *'  yalley  of  elevation,"  268. 
Phillips,  John,  F.G.S.,  notices  of  his  account  of 
the  Craven  &ult,  60,  95,  98. 

■ ■ —  paper  on  a 

group  of  slate  rocks  between  the  rivers  Lune 
and  Warfe,  referred  to,  95,  98. 

■    ,  on  Belemnites  Listeri,  in 


red  chalk,  815,  note. 


■     ■  '  ,  his  Geology  of  York- 

shire, referred  to,  214. 

Phillips,  William,  F.GJS.,  on  the  chalk  near 
Dover,  referred  to,  107. 


am 


PiaoJitic  iron  ore, 
Hastings,  166. 


the   Hastings   sand. 


,  probably  not  conlined  to  Hast- 
3  tlie  Continent,   in  depositH 


Portland  Sand,  coextensive  Kilh  the  Porlland 
stone,  throughout  the  coast  of  Dorset,  19. 

■  ,    concretionat   nodules   in,     near 

Thame,  (wood-cut,) ;  283;  at  Shotover,  273. 
278  ;    at  Swindon,    273  ;    in  the  Boutonnois, 


I  be  coe»al  with  the  Wealden,  389,  273,  SS8. 


supposed  It 
330. 

Plastic  clay,  description  of,  near  Weymouth,  5. 

Farnham,  150. 

Pleurotomaria  (Trochus),  note  upon,  153. 

Poland,  marine  deposits  in,  supposed  to  be  coeval 
with  the  Wealden,  329. 

Pool  Beck  Scar,  fault  at,  not  marked  by  a  vcilley, 
32. 

Poorundhur,  glassy  felspar  found  at,  in  amygda- 
loid, 434. 

Pope,  Rev.  W.  L.,  a  new  species  of  Sphenopleris 
found  by,  in  the  Hastings  sand,  181. 

Portland  Ferry  and  Weymouth  Harbour,  com- 
position of  the  cliffs  between,  24. 

formation,  its  interrupted  deposition  in 

England,  19. 

Portland,  Isle  of,  summary  of  publications  on, 


upper  beds  in,  fl9. . 


quently  examined,  2S7. 

,  Btrau  pervaded   by    fiiiures, 
proving  disturbance,  218. 
— —    ■        '  -    ',  atrike  of  the  strata  well  ascer- 


tained, 214,  nofe. 
Portland  Sand,  group  of  strata  proposed  to  be  so 

called,  30,  210. 

abounds  in  green  particles,  210. 

a  stage  of  transition,  from  the 

Kimmeridge  clay  to  the  Portland  stone,  21, 

331. 


—  designated    by    Mr.    Conybeare, 

-,  importance  of  distinguiahing  it, 

— ,  probable  occurrence  of,  at  Shot- 
near  Oxford,  21. 
— ,  notice  of,  at  Whitchurch,  21. 
— ,  notice  of,  at  Swindon,  21. 

in  the  Doulonnoia,  21, 

— ,  thickness  of,  in    the    Souili-easl 


of  England  estimated,  320. 
near  Aylesbury,  291, 


"dirt-bed"  of  the,  13. 

,  detailed  section  of 


',  fossil  trunks  of  Co- 
niferee  and  Cycadete  in,  13,  285. 

,  pbenomera  of,   analogous    to 
those  produced  by  earthquakes  at  the  mouth  of 
the  Indus,  226. 
—        --  ,    bypotbeais, 

explaining  them,  826, 

.,  quarriea  of,  ought  to  be  fie- 


■ at  Brill,  280. 

at  Long  Crendon,  282. 

at  Emmet's  Hill,  Isle  of  Purbeck. 

211. 

at  Muswell  Hill,  Bucks,  285. 

in  Oxfordshire  and  Bucks,  273. 

■  in  the  Pays  de  Bray,  338. 

in  the  Isle  of  Purbeck,  210. 

at  Swindon,  866,  267. 

near  Stewkley,  292. 

near  Thame,  882. 

—  Vale  of  Wardour,  255. 

at  Whitchurch,  291. 

,  fossils  of,  in  Dorsetshire,  20, 231. 

at  Swindon,  269. 

'  in     Oxfordshire    and 

Buckinghamshire,  301. 

■ in  the  Vale  of  War- 
dour,  2Sl. 

Portland  stone,  ita  thickness  in  the  South-east  of 
England  estimated,  320. 

—  ,  passing  into  sand,  in  contact  with 

Lower  green-sand,  2C5. 

near  Aylesbury,  286. 

in  the  Lower  Boulonnois,  328. 

at  Great  Hazeley  in  Oxfordsliire, 


276. 


n  Oxfordshire  and  Bucks,  272. 
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Portland  stone  in  the  Isle  of  Parbeck  and  Dor- 
setshire, 17,  210. 

-~— — —  at  Quainton,  Bucks,  290. 

near  Stewkley,  291  and  note. 

at  Swindon,  265. 

in  the  Vale  of  Wardour,  254. 

in  the   Pays  de  Bray,  328;    in 

Burgundy  and  the  vicinity  of  Angoulesme,  19. 

in  other  parts  of  France,  330,  381. 

,  fossils  of,  in  Dorsetshire,  260. 

in     Oxfordshire    and 


Buckinghamshire,  299. 


at  Swindon,  26S. 

in  the  Vale  of  Wardour, 


260. 


Portland  strata,  remarks  on  their  distribution  and 
characters  in  the  South-east  of  England,  331. 

■ ,  their  junction  with  the  Purbeck 

strata,  a  point  of  great  geological  interest,  331. 

,  less  extensive  at  present  than  the 


Kimmeridge  clay,  332. 

,  their  equivalents  in  France,  19, 


227;  and  on  the  Continent  in  general,  222. 
Prestwich,   Joseph,  F.G.S.,  on   alternations  of 

marine  and  freshwater  remains,  321,  note. 
Prevost,  Constant  M.,  observations  by,  on  the 

Isle  of  Wight,  1 85  note. 
—————— notice  of  his  memoir  on  the 

coast  of  Normandy,  331. 
Primary  and  secondary  stratified  rocks,  broad 

mineralogical  distinction  between,  66. 
tertiary    stratified    rocks,    a    still 

broader  distinction,  67. 
Prout,    Dr.,   coproid  masses   from  the    Gault, 

examined  by.  111,  note. 
finds  the  petrified  trunks  of  Portland, 

and  of  the  Vale  of  Wardour,  to  be  almost 

wholly  siliceous,  225,  254,  note. 
Pudding-stone,  numerous  large  blocks  of,  like 

that  of  Hertfordshire,  occur  in  some  of  the 

chalk  combs,  Dorsetshire,  5. 
Pulborough,  vicinity  of,  subdivisions  of  the  Lower 

green-sand  in,  155. 

,  derangement  of  strata  near,  155. 

Purbeck  beds  on  the  coast  of  Dorset,  notice  of, 

1 1 ;  occurrence  of  an  oyster  bed  in,  12. 
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Purbeck  Isle,  distant  view  of,  206,  note. 

,  east  coast  of,  section,  206. 

,  general  view  of  the  south  coast  of, 

212. 
,  general  view  of  the  coast  west  of, 

215;    numerous  sections  of  beds  below  the 

chalk,  215,  and  note. 
Purbeck  strata,  their  junction  with  the  Hastings 

sands,  in  the  Isle  of  Purbeck,  208. 
Portland 

formation,  very  remarkable,  225,  331. 

. near  Aylesbury,  287. 

at  Combe  Wood,  in  Oxfordshire, 


in  part  oolitic,  275. 

— -  at  Long  Crendon,  282. 

at  Dinton,  Bucks,  285. 

at  Garsington,  Oxfordshire,  277; 


there  called  "  Malm,"  277. 

in  the  Isle  of  Portland,  218. 

in  the  Isle  of  Purbeck,  208,  209. 

at  Swindon,  N.  Wilts,  266. 

in  the   Vale   of  Wardour,  249, 


253. 


near  Whitchurch,  Bucks,  289. 
fossils  of,  in  Dorsetshire,  229. 
in     Oxfordshire    and 


Bucks,  297. 


in  the  Vale  of  Wardour, 


259. 


Pusch,  M.,  notice  of  his  memoir  on  the  beds  below 
the  chalk,  in  Poland  and  Silesia,  329. 

Putzberg,  near  Bonn,  section  of  the  beds  at, 
456. 


Q. 

Quadrupeds,  fossil  remains  of,  in  the  environs  of 
Bonn,  mentioned  by  Prof.  Noggerath,  454. 

Quartz  (Amethyst),  in  the  trap  rocks  of  the 
Dukhun,  424. 

,  varieties  of,  in  the  trap  rocks   of  the 

Dukhun  described,  424. 

•,  forms  a  large  portion  of  the  Lower  green- 


sand  conglomerates  in  Kent,  116. 
Quartzose  green  slate  of  Cumberland,  notices  of 
the,  48. 

3u 


itshire,  dcacriptioaof  the 


i,  coarse  red  gravel  of  the  cliffs  soutli 
apparently  of  debris  of  new  red 
sandstone,  SSg. 
Ravenstone  Dale,  account  of  the  disloi 

the  calcareous  hilU  of,  GI. 
Bed  marl  and  gypsum  of  St.  Bees  Head,  very 
nearly  on  parallel  of  the  loner  red  marl  and 
gypsum  of  Yorkshire,  398,  and  note. 
Red  sandstone  of  St.  Bees  Head,  exact  equiva- 
lent of  upper  red  sandstone  of  Yorkshire,  .IDS. 
f  Scotland  and  England, 
general  compjriKon  of,  4Q3. 
Reigate,  Surrey,  section  at,  J  43. 
Remarks,  general,  on  the  strata  between  the  chalk 

and  Oxford  oolite,  318. 
Reptiles,  fosail  remains  of,    in  the  environs  of 
Bonn,  described  by  Prof  Goldfuss,  ^-53. 

: ,  of  the  Lower  green-sand,  158. 

We«ldclay,  179. 

•  Hastings  sand,  179,   206, 


Ridges,    nnoilier    liypoihesis     explaining, 

Ridgeway  fault,  in  Dot 
great,  36. 

,  no   iodioitioiu  of 

and  violence  throughout  its  line.  42, 
RingHtead  Bay  and  Oamington  faults,  39. 
Hisell,  notice  of  beds  on  sides  of,  87. 
River  gorges,  of  the  Weahlen,  remarkable,  151. 
mode  of  egrtas  from  the  Wealdtn 

■  course  transverse  to  the  chalk,  fa- 
voured by  the  siratilicaiioa,  151. 

Rock,  extensive  sheets  of  bare,  frequent  in  ilie 
Ghats  of  the  Dukhun,  42:;. 

Rocks,  sedimentary,  of  Bonn,  relative  ages  of, 


,  of  the  Diikhiui,  rematLii  on 


volcanic,  of  the  environs  of  Bonn,  iC", 
each  other,  and  to  (hi 
sedimentary  rocks,  4CI7. 
Roderbcrg,  an  eruption  from,  subseqaenily  to  tijt 
commencement  of  tlie  deposit  of  the  lo^, 
t78. 


229. 


Purbeck  strata,  230,  298. 

■ Portland  stone,  301, 

Portland  sand,  269. 

■  Kimmeridge  clay,  303. 

Oxford  oolite,  316. 

Resemblance,  notice  respecting  the,  of  deposits  of 

different  epochs,  333, 
Rhine,  height  of  its  surface  at  Bonn,  483,  472. 

,  Valley  of  the,  physical  features  of,  462. 

Rhinoceros  tichorinus,  tooth  of,  found  by  Mr. 

Horner  in  a  gravel  pit  near  Bonn,  478. 
Ilidge,  Valeof  Wardour,  sociion  at,  247. 
Ridges,  anticlinal,  of  curved  strata,  near  Seven- 

oaka,  Kent,  described,  133,  and  note. 
of  small  extent,  supposed  mode  of  their 

formation,  13C. 


■  alternation  of  volcanic  ejections  vritli 

the  loess  near,  475. 
■ ,  recommendation  by  Mr.  Homer  of  a 

recently  published  account  of  ilie,  by  M.  Carl 

Thomae,  472. 

,  volcanic  eruption  of  the,  447,  468. 

Rose,   R.  C.  Esq.,  of  SwalTbam,  hia  accouni  ot 

West  Norfolk,  referred  to,  309. 
. ,  section  by,  from  Swaffliam  to 

Lynn,(Plate  X.  a.  No.  25);  SIO. 
Rosley,  new  red  sandstone  not  conformable  to 

coal  strata  near,  387,  note. 
Bothe  todte  liegende   of  Germany,   not   repre- 
sented by  the  magnesian  conglomerates  near 

Bristol,  400,  403. 
Ruppell, Dr.,  on  Ichtbyosiagones, referred  to,34,'>. 


"Salt  Brook,"  stones  in  a  rivulet  so 
crusted  with  common  salt  and  ca 
lime,  425. 
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Saltom,  notice  of  faults  at,  395. 

Saltpetre  in  the  Dukhun,  manufactured  from 
scrapings  of  old  waUs,  426. 

Sand :  see  Bagshot-sand  ;  Green-sand ;  Hastings- 
sand  ;  Portland-sand. 

and  clay,  foliated,  in  very  thin  beds,  re- 
markable alternation  of,  168. 

,  hy- 
pothesis to  explain  it,  168. 

,  white  and  green,  remarkably  disposed,  at 


Tilburstow  in  Surrey,  and  other  places,  139. 

Sandgate,  coast  near,  view  of,  (Plate  VIII.)  lOG. 

,  indications  of  disturbance  near,  124, 120. 

Sandown  Bay,  Isle  of  Wight,  187. 

Sandstone,  new  red,  immediately  below  the  green- 
sands  of  Blackdown,  %3%. 

resemblance  of  to  the  Weal- 

den,  333. 

■ of  the  valley  of  the  Eden,  the 

parallel  of  forest  sand  of  Nottinghamshire,  387. 

— — been    ex- 
posed to  great  denudation,  387. 

and  shale,  lowest  group  of,  between 


Penigent  and  Kirby  Stephen,  described,  72. 
■ ,  subdivisions  of,  72. 


,  shale,  and  calcareous  grit  group  be- 
tween second  and  Strong  Post  limestones,  de- 
scribed, 74. 

di- 
stinguished by  beds  of  calciferous  grit,  74. 
^— «         i ,  lead- 
ing subdivisions  of,  74. 
,  fissile  gritstone,  and  shale,  between 


Mosdale  Moor  and  Four  Fathoms,  described, 

77. 

■ '  ,  most  re- 


markable of  groups  alternating  with  limestone 
of  Cumberland  carboniferous  system,  77. 
,  contains  two  beds  of 


coal,  78. 


Satpoora  Hills,  Col.  Briggs's  description  of  hot 
springs  of,  427. 

Scaphites  Hillsii,  specimens  of,  from  the  Lower 
green-sand  near  Maidstone,  (PI.  XV.  f.  5),  128, 
339. 

Schistose  deposits,  remarks  on  their  ancient  se- 
paration into  two  groups,  the  upper  containing 
organic  remains,  the  lower  none,  QQ, 

,  line  of  separation  difficult  to 

determine,  Q(i. 

rocks  of  Cumberland  owe  their  pecu- 


liarities of  structure  and  position  to  causes  in 

action  anterior  to  the  existence  of  the  old  red 

sandstone,  49. 
Scotland,  general  comparison  of  red   sandstone 

series  of,  with  that  of  England,  402. 
,  red  sandstone  and  conglomerates  of, 

assigned  principally  to  old  red  sandstone,  402. 
Second  millstone  grit,   description  of,  between 

Penigent  and  Kirkby  Stephen,  82, 
or  black  limestone  group,  between  Kirkby 

Stephen  and  Penigent,  described,  73. 
Secondary  rocks,  from  the  south  coast  to  latitude 

of  Derby,  have  a  direction  parallel  to  grey- 

wacke  chains,  59 ;  reasons  why,  59. 
beyond  Derby,  the  direction  is 

parallel  to  great  central  carboniferous  chain  of 

the  North,  59. 
and  primary  stratified  rocks,  broad  mi- 


neralogical  distinction  between,  66. 

Sedgwick,  Professor,  F.G.S.,  description  of  a  se- 
ries of  longitudinal  and  transverse  sections 
through  a  part  of  the  carboniferous  chain  be- 
tw^een  Penigent  and  Kirkby  Stephen,  69. 

,  introduction  to  an 

account  of  the  general  structure  of  the  Cum- 
brian mountains,  47. 

,  his  section  between 


Portland  Ferry  and  Weymouth  Harbour,  24. 
,  on  the  coral  rag, 


',     subdi-  ^Qy  note. 


visions  of,  77. 


the  grit-  Weymouth,  24,  213,  note. 


-,  on  the  vicinity  of 


stone  used  for  roofing-slate,  78. 
Saone  Haute,  equivalent  of  the  Portland  strata 
and  Wealden  found  in,  329,  330. 


— reference  to  his  ac- 
count of  the  Kimmeridge  strata  near  Scarbo- 
rough, 214. 

3u2 


Sedgwick,  Proressor,  F.G.S.,  notes  by, 
geology  of  Cambridgeshirp,  303,  note. 


sandstone  in  the  Basin  of  EiJen,  and  the  coaxU 
of  Cumberland  and  Lancashire,  38il. 
Sedimentary  rooks  of  Bonn,  relative  ages  of,  4u4- 


406. 


Sliap  granite,  veins  of,  penetrate  grejwacke  near 

Waadale  Head  Farm,  C8*. 
Shap  Wells,  mineral  naters  of,  spring  from  a  cal- 

Shells,  list  of,  found  in  the  loeiis  of  Bonn,  462. 

,  fosail,  from  the  beds  between  ihe  chalk 

and  Oxford  oolite,  Systematic  I'ables  of,  350 — 


,  stated  n 


t  toe 


n  Western 


364, 


India,  South  ofBaroacb,  431. 
Serroor,  in  the  Dukhun,  glassy  felspar  found  near, 
in  amygdaloid)  in  the  bed  of  the  Goreh  river, 
424. 

e  at,  of  carbo- 


,  desctiptiV' 


i  of  new  spedn. 


nate  of  soda,  4SB. 
Shale,  carbonaceous  and  fissile  gritstone,  group 
of,  between  the  Strong  Post  and  Mosdale  Moor 
limestones,  described,  75. 

ponant  bed  of  the  group  is  the  coal  in  ilie  shale, 
7f. 

I ,  gritstone  and    coal,  group   of,  between 

the  four  and  twelve  fethom  limestones  de- 
scribed, 79. 

and  sandstone,  lowest  group  of,  between 

Penigent  and  Kirkby  Stephen,  described,  79. 

undstone,  and  calcareous  grit,  group  of, 

between  the  second  and  Strong  Post  limestones, 
described,  74. 

■— -— ■    — ,  calcareous 

grits  the  characteristic  beds  of  the  group,  74. 

,  sandstone,  and  fissile  gritstone,  group  of 

between  Mosdale  Moor  and  four  fathom  lime- 
stones, described,  77. 

markable  of  the  groups  alternating  with  the 

limestone  series  near  Penigent,  77. 
,  a  system  of,  wanting  at  bottom  of  lime- 
stone series  in  Cumberland,  7 1 . 
Sbanklin  Chine,  Isle  of  Wight,  numerous  fossils 

found  near,  192. 
Shap  granite,  boulders  of,  in  detritus  of  new  red 

sandstone  of  the  valley  of  the  Eden,  388. 
of  Wasdale  Head,  cuts  through  the 

band  of  limestone  and  calcareous  slate,  5i,  G8*. 
1 assumed  its  present  position  after 

the  formation  of  t 


by  Mr.  J.  De  Carle  Sowerby,  335— 34S. 
,  alphabetical  list  of;  Upper  greni* 

sand,  108,  156,  203,  338,357,  267,  ?9e. 
Gault,  1 12,  1S2, 

203,  228,  258,  296,  316. 
of  ihe  sands  of  Blackdown,  De- 


von, 329. 


,  of  the  Lower   green-sand,  127, 

152,  157,  204.268,  297,  317. 

Weald  clay,  176,  228. 

Hastings  sand,176,3:S,2U*. 

Purbeck  strata,  Z^S.259,S97. 

Portland   stone,    250,    260, 


368,  299. 


269,302,817. 


-  Portland  sand,  2  J 1 ,  261 ,  589, 

-  Kimmeridge  clay,  SSI,  261, 

Oxford    oolite,     233,    SOS, 

317. 
Shotover  Hill,  Oxfordshire,  section  at,  £74. 
Shropshire,  account  of  a  section  of  new  red  sand- 
stone near  Aldbury  in,  400. 
— . ,  continuity  between  the  coal  measures 

and  red  sandstone  series  of,  effected  by  lower 

red  sandstone,  401. 
Shunuer  Fell,  account  of  the  beds  composing  tbe 

flanks  of,  93. 
,  description  of  a  section  from  Whern- 

side  to,  92. 
Siebengebirge,  description  of,  by  Mr. Horner, 433. 
,  basalt  dykes  freijuent  in  the,  4 1^ ; 

their  localities,  445. 
,  brown-coal    formation    of    tht. 


— ,  crystalline  volcanic  rocks  of  tlit, 
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SiebengebirgCy  diflferent  in  structure  from  other 

groups  in  Germany,  except  one  in  Nassau,  and 

another  near  Montabaur,  435. 
,  absence  in,  of  substances  which 

in  Hungary  and  Central  France  accompany 

trachyte,  440. 
-,  non-occurrence  of  basalt  frag- 


ments in  the  trachyte  tuff  of  the,  441. 

,  notice  of  a  geological  map  of,  472. 

,  notice  of  authors  who  have  de- 


scribed the,  4.id. 

,  the,   the  nearest  point    to  En- 


gland where  volcanic  phenomena  nearly  re- 
sembling those  of  modem  eruptions  are  to  be 
seen,  484. 
,  trachyte  tuff  of  the,  (wood-cut), 


440 — 4id;    its  localities  and  characteristics, 
441,  442. 

■ ,  volcanic  eruptions  of,  468. 


Silesia,  Prof.  Pusch  on  the  beds  below  the  chalk  in, 
329. 

Siliceous  deposits  of  the  brown-coal  formation 
in  the  environs  of  Bonn,  448. 

Siliceous  stone  in  sand,  concretion  of,  formed  sub- 
sequent to  deposition  of  the  sand,  S32. 

,  white,  containing  casts  of  shells 

and  vegetable  stems,  occurrence  of,  at  Marien- 
forst  in  the  environs  of  Bonn,  454. 

Similarity  of  deposits  of  different  epochs; — 
of  Wealden,  to  new  red  sandstone,  and  to  beds 
above,  and  below,  the  chalk,  333 ; — of  green- 
sand,  above,  and  below,  the  chalk,  to  that  of  the 
Portland  series,  333 ;  of  part  of  the  Wealden 
to  the  coal  formations,  333. 

• ,  inference  from  this  similarity,  333. 

Sithe-stones,  mode  of  preparing  at  Blackdown, 
237. 

,  workmen  said  to  be  consumptive,  238. 

Skiddaw  Forest,  granite  of,  overlaid  by  crystal- 
line slates,  48. 

— . — ,  slates  of,  probably  owe  their 

structure  to  action  from  below,  65. 

Sate,  siliceous,  pebbles  of,  in  the  Lower  green- 
sand  conglomerate  of  Kent,  117. 

Smith,  Rev.  Gerard  £.,  fossils  of  Kent,  collected 
and  drawn  by,  112. 


Smith,  Rev.  Gerard,  E.,  examines  the  Wealden 

cliffs  in  Kent,  161. 
,  remarks  by,  on  the  spiral 

termination  of  certain  Hamites,  337. 
Smith,  William,  his  map  of  Kent  referred  to,  107. 

,  his  statement  respecting  "sand  in- 

"  eluding  the  Portland-stone,"  explained,  265, 

note. 
Soda,  carbonate  of,  at  Serroor  in  the  Dukhun,  its 

form  and  mode  of  occurrence  described,  426. 
'  and  at  other  places, 

426. 
,  muriate  of,  impregnates  many  of  the  wells 


at  Ahmednuggur,  425. 

• — also 

a  rivulet  called  the  Salt  Brook  at  Ahmednug- 
gur, 425. 

' ,  streams  impregnated  with,  at 


other  places  described,  426. 

Solway  Firth,  boulders  of  Carrock  Fell  syenite, 
on  the  shores  of,  388. 

South  Wales  and  North  Devon,  grey  wacke  series 
of,  probably  elevated  after  completion  of  car- 
boniferous series,  57. 

___^_ «     does 

not  conform,  in  direction,  to  other  grey  wacke 
chains,  57, 
. n axis 


of,  parallel  to  that  of  the  coal  basin  of  South 

Wales,  57. 
South  Western  coal,  notice  of  total  break  between 

coal  measures  and  red  sandstone  series  of  the, 

401. 
Sowerby,  James,  F.L.S.  (deceased)^  observations 

by,  (1812),  on  the  probable  existence  of  fresh- 
water formations,  324,  note. 
Sowerby,  James  De  Carle,  F.L.S.,  fossils  of  beds 

between  the  chalk  and  Oxford  oolite,  drawn 

and  engraved  by,  105. 

■  ■ ,  descriptive  notes  by,  on 

the  shells  figured  in  Plates  XI.  to  XXIII.  of 

this  volume,  335 — 348. 
Sphenopteris  gracilis,  a  new  species  of  fern  from 

the  Wealden,  (wood-cut,)  181. 
Springs  near   Weymouth,  temperatures  of,  44, 

note. 


spring*,  ibemul,  in  the  Konkun,  liescrilxd,  127. 
Spurs  of  Ehe  Ghata  in  tlie  Dukliiin  described, 


US. 


Si«gi  Fell  near  Haw 

of,  »1. 

,  section  from  F«aig«nt 

.Siuinmoor,  Craven-fault  stop*  near  llie 

puiEi  of,  61, 
St.  l)t.-i'H  Head,  nccoinit  of  ttic  coast  se 

tween,  and  Par  ton,  S9S. 
,  compariflon  of 


Stutchbury,  Mr.  Samtul,  a  fossil  species  of  P«c- 

(en  named  at\er,  342.  SCO. 
Summary  of  observations  on  ibe  strata  belov  the 
at  (be  structure  chalk  in  the  Soutb-trnsl  of  England,  31 3,  &f. 

Superficial  deposits  of  Cambridgeshire,  exEenmrr 

and    important  ;    ihcir   contents,  304 ;  of  tiro 

kinds, "wliite"  and  "red"  grave),  304,  noU— 

(ue  Gravel.) 

resemble 


91. 


red  sandiione  series  of  Yorkshire,  398. 
,  faults   by   which  it  is   affected, 


— ,  red  aandstone  of,  dips  conform- 
ably U>  the  coal  measures,  S88. 

separated  from 

s  by  intermediate  sandstone,  niag- 


iiciiian  limestone  and  conglomerate,  SSiJ. 

,  notice  of  structure  of.  83(1. 

. to  MarypoTt,  coast  almost  wholly 

composed  of  coal  measures,  388- 
Stilbite  and  other  zeolites,  found  at  Abmednuggur 

in  the  Dukbnn,  431,  405. 
,  great  masses  of,  found  in  aitiygdaloid,  al 

Brahmunwarch,  in  the  Dukhun,  '12J. 
Stirling,  Mr.  on  Cuitaek  in  India,  ref-^rred  to,  431. 
St.  Leonard's,  near  Hastings,  detailed  account  of 

the  c]m  and  strata,  163,  165,  169,  171. 
Stone,  village  of,  (Bucks,)  pits  of  Lower  green- 
sand,  at,  285. 
Stone,  formation   of,  amidst  deposits  originally 

consisting  of  sand  and  gravel,  333. 
Stourhead  (South  Wiltshire),  section  at,  256. 
Strata  below  the  chalk,  their  variation  of  cha- 
racter in  different  parts  of  the  South-east  of 

England,  322. 
Stratification,  false,  near  Folkestone,  130. 
,  Assures  of,  adopted  by  masses 

of  chert  of  subsequent  formation  to  the  sand 

whiL'h  includes  them,  ISO. 
Strombeck,  M.    Von,  his  account  of  beds  sunk 

through  at  Utweiler,  in   the  environs  of  Bonn, 

457. 
Strong  Post  limestone,  description  of,  7^. 
,  range  of,  75, 


those  of  Bedfordshire,  and  tlie  East  of  En- 
gland generally,  ^05. 

Surrey:  ice  Godsione  ;  Reigate  ;  Hind-Head  i 
Leith-HiU ;  Guildford,  &c. 

,  strata  below  the  chalk  in,  described,  137. 

Sussex,  Western,  stnta  of,  described,  153. 

Swanage,  remarkable  appearances  on  the  slicre 
near,  209,  note. 

Swath  Fell,  structure  of  the  top  of,  89. 

Sweden,  marine  deposits  coeval  with  the  Wealden 
in,  330. 

Swindon  (North  Wiltshire),  stratification  at  di'- 
tailed,  2S4--iQ7. 

,  fossils  of,  «67. 

,  nodules  in  the  Portland  sand  at,  2G7. 

Sykes,Lt.-Col.  W.H.,  F.G.S.,  on  a  portion  .rf" 
the  Dukhun  in  the  East  Indies,  409. 

,   recapitulation    of 

the  characteristic  geological  features  of  the 
peninaula  of  India,  431. 

,  explanation  of  the 

sections  accompanying  his  paper  on  the  Duk- 
hun, 438. 


Table  of  heighta  in  the  environs  of  Bona,  470. 
_— ~_  South-east    of  England, 

370—379. 
Taylor,  R.C.,  F.G.S.,  his  section atHunstanton, 

and  publications  on  Norfolk,  referred  to,  31^, 

Temperature,  diminution  of  in  the  earth,  may  at- 
count  for  some  of  the  great  parallel  corrujra- 
lions,  G7. 

Terraces  of  the  Dukhun  described,  413. 

Tertiary  deposits  of  the  coast  of  Dorset  dt- 
scribed,  4, 
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Thame,  Oxfordshire,  strata  there,  279,  2S2. 
Thermal  springs  of  Konkun  in  the  East  Indies, 

427. 
Thirria,  M.,  on  beds  below  the  chalk  in  the  De- 
partment of  the  Haute  Sa6ne,  330. 
Thomae,  M.  Carl,  on  the  lava  of  the  Roderberg, 

473  ;  on  the  loess  around  the  Roderberg,  475, 

476. 
Tilburstow  Hill,  Surrey,  list  and  sketch  of  beds 

composing  the  section,  (wood-cut,)  138,  139. 
Tisbury,  Vale  of  Wardour,  quarries  at,  955, 
Titaniferous  iron  ore,  found  in  the  Lower  green - 

sand  at  Hunstanton,  313. 
Tonbridge  Wells,  strata  there  resembling  tliose  of 

the  coast  near  Hastings,  1 70,  note. 
Trachyte  and  basalt  of  the  environs  of  Bonn, 

age  of,  467. 
and  grauwacke,  instance  of  a  junction 

of,  in  the  neighbourhood  of  Bonn,  440. 
of  the  environs  of  Bonn,  437  ;  its  loca- 


lities and  varieties,  437,  438. 
Trachyte,  its  affinity  with  the  trap  family,  438. 
Trachytic  tuff,  its  correspondence  in  composition 

with  adjacent  trachyte  nearest  to  it,  4 1>2. 
.  of  the  Siebengebirge,  440-443  ; 

its  localities  and  characceristics,  441,  442. 
,  the  oldest  of  the  volcanic  pro- 


ducts of  the  environs  of  Bonn,  467. 

Trap  region,  in  the  Peninsula  of  India,  of  amaz- 
ing extent,  428. 

,  extent  not  yet  appreciated,  409. 

,  authorities  upon  its  stratification 

referred  to,  410,  note. 

its  age  uncertain,  430 ;  probably 


not  identical  with  that  of  the  new  red  sandstone, 

429. 

—  rocks  in  the  Ghats  of  the  Dukhun,  charac- 


ters of  described,  422. 
Tree,  fossil,  a  remarkable  specimen  of,  found  in 

clay  at  Brill,  280. 
Trees,  coniferous,  silicified  found  at  Portland,  13, 

221. 
. ,  ascertained    by 

Dr.  Prout  to  be  almost  wholly  siliceous,  225. 
■■.  in    the    lowest 


Trees,  coniferous,  silicified,  wood-cut  of  a  re- 
markable specimen,  221. 
Trigonellites  of  Parkinson  (PI.  XXIIl.  f.  2.).  the 

name  retained,  why,  348. 
found  in  the  Kimmeridge  clay  in 

Cambridgeshire,   273;    and    near  Aylesbury, 

Bucks,  292. 
Troutbeck,  account  of  fault  in  the  valley  of,  53, 
Tucksbury   Hill,   (or    Famham    Beacon,)   near 

Farnham,  Surrey,  section  through,  149. 
Tuff  of  Siegburg,  its  great  resemblance  to  that  of 

the  Phlegraean  Fields  and  Ischia,  446. 
Turner,  Edward,  M.D.,  Sec.  G.S.,  analysis  by, 

of  the  green  matter  of  green-sands,  108,  note. 
Turna  Fell  coal  works,  section  of  beds  at  the,  93, 

note. 
Twelve-fathom    limestone,   description    of,    79 ; 

abounds  with  encrinital  remains,  80. 

U. 

Upper  millstone  grit,  description  of,  between  Pe- 

nigent  and  Kirkby  Stephen,  82. 
Upware,  on  the  river  Cam,  quarries  there  of  the 

Oxford  oolite,  307  ;  fossils  obtained  there,  317. 


Purbeck  strata  of  the  Vale  of  Wardour,  256. 


Vale  of  Bredy,  geological  formations  of  the,  32. 

Wardour,  geological  structure  of,  244. 

Weymouth,  physical  features  of  the,  3. 

Valley,  remarkably  narrow,  on  the  Mota  river, 

south  of  Bonn,  412. 
Valleys  in  the  limestone  band  of  the  Cumbrian 

mountains,  scooped  out  upon  lines  of  fracture, 

52,  54. 
in  Dorsetshire  produced  by  denudation, 

41. 

of  the  Dukhun  in  India  described,  412. 

Vegetable  remains  of  the  environs  of  Bonn,  ex- 
amined by  Professor  Lindley,  451. 

■     ,  absence  of,  in  the  loess  ol* 

Bonn,  462. 
Vegetables,  fossil,  of  the  Upper  green-sand,  157, 

203. 

Gault,  115. 

Jjower  green-sand,  131, 

153. 


Vegetables,  fossil,  of  ibe  Weald  clay,  181,  328.         Voysey,  Dr.,  on  various  poinla   of  Indjan  Gw- 
Hastings  sand,!  71,10'^,  'cgy,  referred  to,  410,  note,  412,  417|  amlnMt, 


172,  181,  206  2ZD. 

Piirheck  Simla,  13,221, 

330.  298. 

Portland  stone,  269. 

Portland  sand,  36D. 

Kimmcridge  clay,  869. 

Volcanic  action,  cause  of,  not  knovrn,  61. 
not  reducible  to  laws  of  any  con- 
stant force  aa respects  its  effects,  65,  67. 

. may    be    an  effecl   of    chemical 


418,  48G,  iZ8,  431. 

W. 

Wardour,  Vale  of,  general  structure  of,  £44;  slrsia 
described,  244  ;  Chalk,  Z4o  ;  Upper  grecn- 
aand,  24G  ;  Gault,  S47*;  Lower  grceu-saml. 
S4S;  Wcalden,  349-354  ;-  Portland  stone, 
254;  Portland  sand,  253;  Kimmeridge  clay, 
256. 

,  anticlinal  line  of,  244. 

• ■ ,  fossils  of,  257 — 261. 


,  produced  by      Warminster,  Vale  of,  described,  257. 

thepenetrktionofwaterto highly heatedmatter,      ,  fossils  of,  257, 


:   diininisli  In  force   by  t 


■anil's  refrigeration,  68. 


and 

e  chemical  combination,  68. 
has  not  acted  during  all  (geologi- 
cal periods  with  equal  intensity,  65. 
,  no  indications  of  its  recent  oc- 


Wasdale    Head  Farm,    granite    veins   penetrate 
the  greywacke  near,  68*. 

,  the  Sbap  granite  of,  cuts  through 

band  of  limestone  and  calcareous  slate,  54,  6S*. 
,  limestone  *nd 


le  reappear  beyond  the  granite,  G8*. 
r  main  limestone,  notices  of,  50,  and  *oU. 
r»,  mineral,  of  the  environs  of  Bonn,  463 ; 
currence  in  the  Dukhun,  428.  analysis  of,  463. 

Volcanic  craters,  none  seen  in  the  Dukhun,  428.       Weald  clay,  a  member  of  the   Wealden  group. 


eruptions  in  the  neighbourhood  of  Bonn, 

446,  447. 

eruptions  of  the  Siebengebirge,  468. 

, took  place 

dnrtng  the  deposition  of  the  brown'Coal  beda, 

468. 
Roder- 

berg,  447,  468. 
Volcanic  forces,  provision  for   an  eternal   and 

uniform  circulation  of,  not  compatible  with 

known  laws  of  chemical  action,  67, 
I  have  modified  the  earth  in  two 

nays,  68. 
. by  violent 

paroxysms,  producing  lines  of  volcanic  vent, 


lOJ. 
■  — — carefully  traced  in   W.   Snnex  by 

Mr.  Martin,  160. 
,  beds  of  sand  and  stone  subordinate 

to,  in  Sussex,  159;   in  Surrey,    160;  and  in 

Kent,  161. 
— ,  cavities  in,  at  its  junction  with  the 

I<ower  green-sand  in  VV,  Sussex,  15C. 

near  Guildford,  1 48. 

near  Hindhead,  Surrey,  148. 

in  the  Isle  of  Wight,  185j   detail  of 

its  beds  near  Cowleaze  Chine,  198. 
,  fossils  of,  in  Kent  and  Surrey,  Sus- 
sex and  Hampshire,  176. 


by   local 


1     the    Isle    of   Wight, 
n  the  Dorsetshire  coasi. 


adopted  as  the  general  name  of  tlie 
relative  to  each  other  and  to  the  sedimentary  strata  between  the  Lower  green-sand  and  ihr 

rocks,  467.  Portland  stone,  103. 


action  producing  volcanic 

cones,  &c 

,  63. 

228. 

rocks  of  the  environ 

s of  Bonn 

their  ages 

Wealde 
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l¥ealdeii»  acceptation  of   ^e  term   extended, 

why,  159. 
— — «—  characterised  hy  its  fossils,  104* 
probably  the  deposit  of  an  estuary,  104, 


824. 


-» resemblance  of  part  of,  to  the  New 


red  sand-stone ;  to  some  of  the  beds  above  the 
chalk ;  and  to  the  coal  formatioi^  dd3. 
— ,  sudden  change  from  marine  fossils. 


beneath  it,  and  above,  324. 

— : 1  its  stratification  conformable  to  the  for* 


mations  above  and  below,  324. 

f  formations  immediately  below  it  much 


connected,  SSI. 

,  theory  of  its  formation,  324. 

-,  analogy  of,  to  deposits  now  in  pro- 


gress, 325 ;  as  in  the  lakes  of  North  America, 
325. 
■    »■  ,  its  distribution  and  general  characters 


in  the  South-east  of  England,  323,  and  note. 
-,  its  original  and  remaining  extent  in 


England,  undetermined,  324. 

-,  junction  of,  with  the  Lower  green-sand. 


in  the  Isle  of  Wight*  189 ;  in  Western  Sussex, 

remarkable,  156. 

,  thickness  of,  in  the  South-east  of  En- 


gland, estimated,  319. 

not  found  beyond  the  limits  of  the  Port* 


land  formation,  332. 

■  ■  in   Buckinghamshire^  indicatioQS  of, 


288,  289,  290. 

on  the  Kentish  coast,  described,  161. 

■■  in  Kent,  Surrey,  and  Sussex,  159,  ei 


seq. 


in  Oxfordshire,  traces  o(  272. 

at  Shotover  Hill, Oxfordshire,  274. 

in  the  Vale  of  Wardour,  249. 

— — — ,  supposed  indications  of,  at  Wansford, 
in  Northamptonshure,  309  ;  doubtful,  383*. 

in  the  Isle  of  Wight,  184,  190. 

— — — ,  deposits  of  the  same  date  and  character 


in  other  districts,  326  ;  in  Scotland,  326;  in  the 
Lower  Boulonnois,  326 ;  Pays  de  Bray,  326. 
■  equivalents  of,  in  the  Isle  of  Bomholm, 


and  near   Helsingburg,  in   Sweden,  330;   in 
Poland,  Switzerland,  and  France,  326,  330, 
331. 
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Wealden,  marimf  deposits  ooeval  with,  psiibabie 
^  priori^  329. 

,  consequences  of  iheiv 
existence,  329. 


not  to  be  expected,  ge- 
nerally, in  England,  329. 
—————— — ,  places  in  which  they 


have  been  found,  329, 330. 

— ,  remains  of  plants  in,  181. 

,  fossil  shells  of^  in  Kent,  Surrey,  Hants, 


and  Western  Sussex,  176. 
in  the  Isle  of  Wi^ 


205. 


"    ,  reptiles  of  the,  179. 

,  fishes  of^  examined  by  M.  Agassis, 

1 80 ;  list  of  them,  367,  368. 
Wealds,  Valley  of  the,  in  Kent,  Surrey,  and  Sm^ 
sex,  160. 

'            — r— ',  drainage  of,  on  the  north- 
west, remarkable,  150. 
,  tortumis  course  oi  rivers 


in,  150 ;  hypothesis  thence  deduced,  150. 

,  section  across,  from  West 


Sussex  to  Surrey,  (Plate  X.  a.  No.  6) ;  1 55. 
Webster,  Thomas,  F.O.S«,  his  work  on  the  Isle 

of  Wight,  referred  to,  8,  182. 
.   i'  ■    '  on  fossil  trees  in  Port* 

land,  13,  217. 

'    — — —  on  the    Purbeck    and 

Portland  strata,  11,  206,  210. 
■  ,  view  by,  <rf  the  coast 


near  Hastings,  163. 


TT-. on  freshwater  shells  in 

the  Hastings  and  Purboek  strata,  324,  noie. 

Well,  600  feet  in  depth,  at  Lyna,  Norfolk,  320. 

Wells,  hot,  called  Devakl  Unei,  50  miles  south- 
east of  Surat,  427. 

Wendover  hill,  its  height,  284. 

Wey  river,  its  course  near  Famfaam  in  Hamp- 
shire, and  in  Surrey,  151. 

Weymouth,  Dr.  Buckland  and  De  la  Beche,  H.  T., 
on  the  geology  of  the  neighbourhood  of,  1. 

■  district,  an  important  geological  tract. 


2. 


-,  the  general  physical  features 


of,  2. 


-,  physical  features  of  the  Vale  of,  3. 

3  X 


Wighl,  Isle  of,  teciiona)  list  of  strara,  from  tlie 
bhore  under  Afton-down  to  Brook-diine,  200. 

fossils  of  the  beds  below  il 
in,  802. 
Wild  Bosr  FeU,  structure  of,  H9,  9S. 
— — ^^-^-^  to  Harter  FeU,  aecoimi  of  ■  mc> 

from,  97. 
Wiltshire,  North  :  iw  Swindon. 
,  South  :  see  Vale  of  Wnrdour,  and  of 


Whemside,  description  of   a   section  from, 

Sbunner  Fell,  92. 
^  '  ,  notice  of  beds  forming  the  fl&nlci  t 

85,  66. 
Whewell,  Rev.  W.,  sketch  by,  of  part  of  Hun- 

n  ClifT,  (Plate  X.  b,  fig.  12,  c.)  ;   313. 
Whitehaven  coal-field, 
,   faults  aSecting,   on  the 

coast,  398,  et  teq. 
While  Nore,  Dorsetshire,  pits  in  the  chalk, 

filled  nith  flints,  6. 

,  chalk  clifTs  of,  8,  9. 

White-rock,  Hastings,  section  at,  168. 
. recently  destroyed 

moved,  165,  nole,  882*. 
Wight,  Isle  of:  see  Blackgang,  Shanklin,  Con- 

ieaze,  &c. 
>■—      -    proofr of ita  repealed sobmenion 

and  elcTatwD,  18S. 
■■  ■    '   ■         '   ,  TCMmblaoce  in,  betireeo  the  beds 

above  and  belotr  the  chalk,  185. 
<  ,  general  structure  of,  1 88. 

',  aoutfa  coaattMctionalsketcbei  of, 

by  Sir  John  Herachel,  166. 
—  I.   ■  -  I       ,  ■ectiooal  lift  of  itrata,  from  Bern- 
bridge  Down  to  Sandown  Bay,  187. 


Wanninster. 

Windermere,  valley  of,  scooped  out  upcoi  a  liiM 
of  fracture,  53. 

and  Coniston  Head,  notices  reelect- 
ing faults  betwi 

Woburo,  section  through,  292. 

,  Fuller's  earth  pit,  near,  294. 

Wockley-quarry,  Vale  of  Wardour,  sectioo  (X, 
251. 

Wold  or  Mosdale  Moor  limestone,  described,  76; 
range  of,  76. 

Wood,  fossO,  lignitized,  a  remarkable  specieaen 
found  in  clay,  at  Brill,  280. 

' ,  coniferous,  silicified,  found  in  die 

"Dirt  Beds,"  in  the  Isle  of  Portland,  13,  217, 
221,222;   in  the  Vale  of  Wardour,  254;  it 


■  ■■■  -  ,  silicified,  bed  o^  in  the  enrirtmi  fS 
Bonn,  451;  examined  by  Professor  Noggencb 
and  M.  B.  Cotta,  t^ 

,  slices  for  the  microicope,  prepared  by 
Mr.  Nicol  of  Edinburgh,  tit,  wAe;  mode  of 
preparing  them,  described,  ttt,  note. 

Woodward,  Mr.  Samuel,  on  the  fbsaHi  of  Vsit 
Norfdk,  a09,  note,  SI5. 

Worbarrow  Bay,  section  at,  tOS, 


church  Cove  (o  Sandown  Bay,  191,  &c.  ^' 

—  — . from  Black-     Zinc,  layer  of  carbonate  of,  in  the  new  red  u 

gang-chine  to  Brook-chine,  194.  stone  series  near  Barrowmouth,  396. 
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Richard  Barton,  B.D.  4to.  Dublin,  1751. 
22.  Catalogue  of  an  extraordinary  Assemblage  of  Manu- 
scripts in  almost  every  known  Language  and  Character, 
by  Thomas  Thorpe. 

Procee^Ungs  of  the  Royal  Society  of  Literature,  vol.  1, 

No.  8, 1888. 

28.  Statistical  Survey  of  the  County  of  Roscommon,  drawn 

up  under  the  Directions  of  the  Royal  Dublin  Society, 

by  Isaac  Weld,  8vo.  Dublin,  1882. 

24.  BuUetindelaSociltl  Geologique  de  France,  tome  8^me, 

feuilles  14—16, 1882,  1888. 
26.  Relation  des  difiSrens  Voyages  dans  les  Alpes  du  Fau- 
cigny,  par  M.  de  Luc. 

Transactions  of  the  Literary  and  Historical  Society  of 
Quebec,  vol.  8,  parts  1  and  2,  8vo.  Quebec,  1882, 1888. 

Instructions  for  making  Cape  Gaspd,  and  Mitis,  and  Ri- 
mouski,  in  the  River  St.  Lawrence,  8vo.  London,  1 882. 

Sketch  of  the  Trade  of  British  America ;  written  origi- 
nally for  the  Nautical  Magazine,  with  a  few  Alterations 
and  Additions,  by  Nathaniel  Gould,  Esq.  8vo.  London, 
1888. 
Aug.  1.  Oratio  db  Geologise  Ortu  et  Progressu,  quam  habuit 
Casparus  G.  C.  Reinwardt,  Die  viii.  Februarii, 
MDcccxxxm.,  quum  Academise  Lugduno-Batavse 
Natalem  celebraret  et  Magistratum  poneret,  4to. 
Lugduni  Batavorum,  1888. 

Greologische  iVerhandeling  of  Antwoord  op  de  in  1828 
uitgeschrevene  en  in  1880herhaalde  Prijsvraag :  Wat 
Men  van  Geologic  thans  weet  ?  Uitgegeven  door  Tey- 
ler's  tweede  Genootschap,  door  Prof.  Bemhardi,  4to. 
Haarlem,  1882. 

Asiatic  Researches ;  or  Transactions  of  the  Society  insti- 
tuted in  Bengal  for  inquiring  into  the  History,  the 
Antiquities,  the  Arts  and  Sciences,  and  Literature  of 
Asia,  vol.  17,  Calcutta,  1882. 


DOHORS. 


The  Royal  Asiatic  Society. 
The  Geological  Society  of 
France. 


Wm.  Henry  Fitton,  M.D. 
F.G.S. 


Mr.  Thorpe. 

The  Royal  Society  of  Lite- 
rature. 


The  Author. 

The  Geological  Society  of 

France. 
Wm.  Henry  Fitton,  M.D. 

F.G.S. 
The  Literary  and  Historical 

Society  of  Quebec. 
Messrs.  Gould,  Dowie  and 

Co. 


The  Author. 


The  Author. 


M.  C.  G.  C.  Reinwardt. 


The  Asiatic  Society  of  Ben- 
gal. 


Idat  o/DonatumSi 
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18S3.  BOOKS. 

Sept.     8.  On  the  Connexion  between  Geology  and  the  Pentateuch^ 
by  Dr.  Cooper;  also  the  Defence  of  Dr.  Cooper  before 
the  Trustees  of  the  South  Carolina  College. 

On  the  Insecurity  of  Sir  Humphry  Davy's  Lamp,  and 
the  perfect  Security  of  Messrs.  Upton  and  Roberts's 
New  Safety-Lamp. 

Canal  Navigation.  On  the  Resistance  of  Water  to  the 
Passage  of  Boats  upon  Canals  and  other  Bodies  of 
Water,  being  the  Results  of  Experiments,  by  John  Mac- 
neill,  M.R.I.A.,  &c. 
10.  Travels  in  the  United  States  of  America  and  Canada,  to 
which  is  added  an  Essay  on  the  Natural  Boundaries  of 
Empires,  by  J.  Finch,  Esq.  Svo.  London,  1833. 
17.  BuUetin  de  la  Societe  Geologique  de  France,  tome  3emef 
feuilles  17—24, 1833. 

Memoire  sur  la  Constitution  Geologique  de  la  Province 
de  Liege ;  qui  a  remporte  le  Prix  au  Concours  de 
I'Academie  de  Bruxelles  en  1830,  par  M.  A.  Dumont, 
4to.  Bruxelles,  1832. 

Geologie  Populaire  k  la  Portee  de  tout  le  Monde,  appli- 
qu6e  k  TAgriculture  et  k  llndustrie,  par  M.  Nerle 
Boub6e,  18mo.  Paris,  1833. 

Tabelle  liber  die  Geologie  zur  Vereinfachung  derselben, 
und  zur  Naturgemassen  Classification  der  Gesteine,  von 
Hermann  von  Meyer,  8vo.  Niimberg,  1833. 

Catalogue  of  German  Books  and  Maps,  which  have  been 
published  from  January  to  June  1 833,  by  Black,  Young, 
and  Young,  12mo.  London. 

Deux  Promenades  au  Mont  Dore  pour  I'Etude  de  la 
Question  des  Crateres  de  Soul^vement,  formant  la  Hre 
livraison  de  la  4^me  Serie  d'ltineraires  du  Cours  com- 
plet  d'Etudes  Geologiques  par  des  Lemons  et  par  des 
Voyages,  par  M.  Neree  Boubee,  18mo.  Paris,  1833. 

Nixus  Plantarum.  Auctore  Johanni  Lindley,  8vo.  Lon- 
dini,  1833. 

Notice  sur  le  Bradford-day  de  Bouxwiller  et  de  Bavil- 
lers,  par  M.  P.  L.  Voltz,  4to.  Extrait  des  Memoires 
de  la  Societe  d'Histoire  Naturelle  de  Strasbourg. 
30.  Memoire  sur  les  Groupes  du  Cantal,  du  Mont  Dore,  et 
sur  les  Soulevemens  auxquels  ces  Montagues  doivent 
leur  Relief  actuel,  par  MM.  Dufjr6noy  et  Elie  de  Beau- 
mont, 8vo.  Paris,  1833.  Extrait  des  Annales  des  Mines, 
3eme  Serie,  tome  3. 

Transactions  of  the  Zoological  Society  of  London,  vol.  1, 
part  1,  4to.  London,  1833. 

Proceedings  of  the  Royal  Society  of  Edinburgh,  No.  2, 
April  and  May  1833. 

Memoires  de  T Academie  Royale  des  Sciences  de  1  In- 
stitutde  France,  tome  l^^me,  4to.  Paris^  1833. 


DOKoas. 


Dr.  Cooper. 


Messrs.  Upton  &  Roberts. 


Frederick  Page,  Esq.  F.G.S. 


The  Author. 

The  Geological  Society  of 
France, 


The  Author, 


The  Author. 


The  Author, 

Messrs.  Black,  Young,  and 
Young. 


The  Author. 
The  Author. 


The  Author. 


The  Authors. 

The  Zoological  Society. 

The  Royal  Society  of  Edin- 
burgh. 

The  Royal  Institute  of 
France. 


List  of  Donatiotu. 


83.  BOOKS, 

29.  Comentarios  a  las  Ordenanzas  de  Minas,  dedicados  al 
Cathotico  Rey,  Nueatro  Senor  Don  CaHos  III.  (que 
Dios  guarde)  siempie  niagnanimo,  siempre  feliz,  sieni' 
pre  aiigusio,  por  Don  Francisco  Xavier  de  Gamboa, 
folio,  Madrid,  1761. 

Annales  des  Mines,  ou  Hecueil  de  Memoires  sur  VExploi- 
taiion  des  Mines  ct  sur  lea  Sciences  et  lea  Arte  <]ui  e'y 
rapporient;  redigees  par  les  Ingenieurs  des  MioeE,  et 
publi^es  aous  I'Autorisation  du  ConseiUer  d'Eiat,  Di- 
recteuT  Geoerale  des  Ponla  et  Chaussees  et  dea  Mines, 
Seme  Scrie,  tomes  3  et  4,  18S3. 
6.  A  Geological  Manual,  by  Henry  T.  De  la  Beche,  Esq. 
F.G.S.  3rd  Edit.  8so.  London,  1833. 

Resume  Preliminaire  de  I'Ouvrsge  sur  la  Thcorie  des 
Volcans,  par  le  Comte  de  Bylandt,  8vo.  Naples, 
183S. 

MemoTie  sopra  due  casi  di  AJienasione  Menlale  osser- 
vati  Del  R.  Stabilimento  de*  Matti  di  quests  citta, 
composte  da  Giovanni  Silvestri,  8vo.  Palermo,  1333. 

General  Observations  upon,  and  Sailing  Directions  for, 
the  English  and  Irish  Cb&nnels  and  Channel  Islands 
by  Capt.  Martin  White,  R.N. 
II.  Descriptions  of  the  Inferior  Maxillary  Bones  of  Masto- 
-dons  in  ibe  Cabinet  of  tlie  American  Philosophical 
Society,  with  Remarks  on  the  Genus  Teiracaulodon, 
&c.,  by  Isaac  Hays,  M.D.  Extracted  from  the  Trans- 
actions of  the  American  Philosophical  Society,  vol.  i. 
New  Series,  4to.  Philadelphia,  1833. 
19.  A  Catalogue  of  a  valuable  Collection  of  Books,  in  the 
French,  Spanish,  Portuguese  and  Italian  Languages,  on 
sale  by  John  Bohn,  8vo.  London,  1833. 

Verbandlungen  der  GeseUschaft  des  ViiterlandischeD 
Muieunu  in  Bobmen  in  det  eilflen  allgemeinen  Ver- 
sammlung  am  10  April  1833,  8to.  Prag,  1833. 
2i.  Journal  of  the  Franklin  Institute  of  the  State  of  Penn- 
■ylvania,  devoted  lo  the  Mechanic  Arts,  Manufac- 
tures, General  Science,  and  the  recordmg  of  American 
and  Other  patented  Inventions,  edited  by  Thomas  P. 
Jones,  M.D.  New  Series,  vol.  10,  Aug.  1838,  No.  2, 
8vo.  Philadelphia,  IBSS. 

Proceedings  of  the  Royal  Society  of  London,  No.  13, 
1832-1838. 

A  descriptive  Catalogue  of  the  Minerals,  and  Fossil  Or- 
ganic Remains  of  Scarborough  and  the  Vicinity,  inclu- 
ding the  Line  of  Coast  from  Hornsea  to  Mulgrave,  and 
extending  into  the  Interior  as  far  as  Malton,  8vo.  Scar- 
borough, 18IG. 

Memoirs  of  the  Royal  Astronomical  Society  of  London, 
vol.  6,  4to.  London,  1833. 


Henry  Brookes,  Esq.  F.G.S 


L' Administration  desMinei. 
The  Author. 


Comte  de  Bylandt. 


The  lArds   Commissionen 
of  the  Admiralty. 


Count  Sternberg. 


Petty  Vaugban,  Esq. 
The  Royal  Society. 


John  Willimolt,Esq.F.G.S. 
The    Royal    Astro  no  mi  cat 
Society, 


lAat  of  Donations,  5 

1833.  BOOKS.  DONORS. 

Nov,  22.  Experimental  Researches  in  Electricity,  (Fourth  Series,) 
by  Michael  Faraday,  D.C.L.  F.G.S.  From  the  Phi- 
losophical Transactions,  4to.  London,  1833.  The  Author. 
Dec,  3.  The  Horticultural  Register  and  General  Magazine  of  all 
useful  and  interesting  Discoveries  connected  with  Na- 
tural History  and  Rural  Subjects,  conducted  by  Joseph 
Paxton,  for  the  year  1833.                                               The  Conductor. 

The  London  and  Edinburgh  Philosophical  Magazine  and 
Journal  of  Science,  conducted  by  Sir  David  Brewster, 
K.H.  LL.D.  F.G.S.  &c.,  Richard  Taylor,  Esq.  F.G.S. 
&c.,  and  Richard  Phillips,  Esq.  F.G.S.,  for  the  year 
1833.  The  Conductors. 

The  Magazine  of  Natural  History  and  Journal  of  Zoo- 
logy, Botany,  Mineralogy,  Geology  and  Meteorology, 
conducted  by  J.  C.  Loudon,  Esq.  F.G.S.  &c.,  for  the 
year  1833.  The  Conductor. 

The  Penny  Cyclopsedia  of  the  Society  for  the  Difiusion 
of  Useful  Knowledge,  vol.  1 ,  A — Andes,  8 vo.  London, 
1833.  Mr.  Knight. 

Catalogue  of  Fellows,  Candidates  and  Licentiates  of  the     The  Royal  College  of  Phy- 
Royal  College  of  Physicians,  8vo.  London,  1833.  sicians. 

16.  Observations  of  Nebulse  and  Clusters  of  Stars  made  at 
Slough,  with  a  twenty-feet  Reflector,  between  the  Years 
1825  and  1833,  by  Sir  J.  F.  W.  Herschel,  Knt.  Guelp. 
F.G.S.  From  the  Philosophical  Transactions.  4to. 
London,  1833.  The  Author. 

On  the  Absorption  of  Light  by  coloured  Media,  viewed 
in  Connexion  with  the  Undulatory  Theory,  by  Sir 
J.  F.  W.  Herschel,  K.H.  From  the  London  and 
Edinburgh  Philosophical  Magazine  and  Journal  of 
Science,  December  1833.  The  Author. 

Etablissement  Geographique  de  Bruxelles.     Annuaire 
Industriel  et  Administratif  de  la  Belgique,  Annee  1833,      M.Ph.VanderMaelen,Fon- 
2dme  Annee,  8vo.  Bruxelles,  1833.  deur  de  TEtablissement. 

Dictionnaire  Geogpraphique  de  la  Province  de  Namur, 

8vo.  Bruxelles,  1832.  

Dictionnaire  Geographique  de  la  Province  de  Hainaut. 

8vo.  Bruxelles,  1833.  

Memorial  de  FEtablissement  Geographique  de  Bruxelles, 
fonde  par  Ph.  Vander  Maelen,  8vo.  Bruxelles,  1831 

Recueil  de  Documens  Statistiques.  Belgique,  8vo.  Brux- 
elles, 1833.  

20.  Journal  of  the  Geological  Society  of  Dublin,  vol.   1,     The  Geological  Society  of 
part  1,  Dublin,  1833.  Dublin. 

An  Encyclopaedia  of  Gardening,  containing  the  Theory 
and  Practice  of  Horticulture,  Floriculture,  Arboricul- 
ture, Landscape  Gardening,  &c.,  conducted  by  J.  C. 
Loudon,  Esq.  F.G.S.,  Specimen  Number,  8vo.  Lon- 
don, 1833.  The  Conductor. 


Last  of  Donations. 

34.  BOOKS. 

1.  M.  A.  Nattali's  Catalo^e  of  a  Collection  of  Books  in 
General  Literature,  English  and  foreign,  8vo.  Lon' 
don,  1834. 

The  American  Journal  of  Science  and  Arts,  conducted 
byBenjaminSilliman,  M.D,  vol.  24,  No,2.  and  vol,  Z5, 
No.  1.  8vo.  New  Haven,  1838, 
8.  The  Nautical  Almanac  and  Astronomical  Ephemeris  for 
the  Years  1831  and  1835,  published  by  Order  of  the 
Lords  Commissioners  of  the  Admiralty,  S  vols,  8vo. 
London,  1853. 
10.  Address  delivered  at  tlie  Anniversary  Meeting  of  the 
Royal  Society  on  Saturday,  November  30th,  1S33,  by 
His  Royal  Highness  [lie  Duke  of  Sussex,  K.G.  S:c.. 
The  President,   4to.  London,  1833. 

Descriptive  and  illustrated  Catalogue  of  the  Physiolo- 
gical Series  of  Comparative  Anatomy,  contained  in  the 
Museum  of  the  Royal  College  of  Surgeons  in  London, 
vol.  1,  including  the  Oi^ons  of  Motion  and  Digestion 
4to.    Loudon,  1833. 

Bulletin  de  la  Societc  Gcologique  de  France,  tome  4f  me, 
feuilles  \-5,  Paris,  1833. 

14.  Proceedings  of  the  Royal  Society  of  Literattire,  vol.  1, 

No.  4,  1833. 
Histoire  des  Vegetaux  Possiles,  ou  Recherches  Bota- 

niques  et  Geologiques  sur  les  Vegetaux  renfermcs  dans 

les  diverscs  Couches  du  Globe,  par  M.  Adolphc  Drong- 

niart.  Seme  livraison,  4to.  Paris. 
A  New  System  of  Mineralogy  in  the  Form  of  Catalogue, 

by  William  Babington,  M.D. 

15,  Experiinental  Reseaiche*  in  Electriciiy,  (Fifth  Series,) 

by  Michael  Faraday,  Esq.  F.G.S.     From  the  Philo- 
sophical Tranaactiooii  4to.  London,  1833. 

Transactioiu  of  the  Society  instituted  at  London  for  the 
Encouragement  of  Arts,  Manufactures  and  Commerce, 
with  the  Premiums  oflfered  for  the  Years  1832>1833 
and  1838-1834,  vol.  49,  London,  1833. 
20.  Studien  des  gottingiiehen  Veteina,  Bergmannischer 
Freunde,  im  Nsmen  desaelben  herausgegeben,  von 
Joh.  Friedr,  Ludw.  HaiumanD,  Ster  band,  6vo.  G5t- 
tingen,  18SS. 

Eloge  de  M.  le  Baron  Cuvier,  par.  C,  L.  Laucillard, 
Discours  couronng  par  I'Academie  des  Sciences,  Belles 
Lettrea  et  Arts  de  Besanfon  dans  sa  Stance  du  34  erne, 
Aout  1833,  8vo.  Paris,  1833. 

Proceedings  of  the  Royal  Asiatic  Society,  December 
1833,  and  January  1834,  8vo. 

Manuel  Geologique  par  Henri  T.  De  la  Beche.  Traduc. 
tion  Fran^aise,  revue  et  publiee  par  A.  J.  M.  Brochant 
de  Villiers,  8vo.  Paris,  1833. 


W.  S.  Stratford,  Eaq- 


The  Royal  Society  of  Lon' 
don. 


The  Royal  College  of  Sur* 

geons. 
The  Geological  Society  al 

The  Royal  Society  of  Lite- 


Frederick  Page,  Esq.  F.G.S. 
B.    G.    Babington,    M.D. 
F.G.S. 


The  Society  of  Arts. 


M.  F.  L.  Hausmann. 


The  Author. 

The  Royal  Asiatic  Socieiy- 


Henry  T.  De  Is  Beche,  Esq. 
F.G.S. 


List  of  Donations. 


18d4.  BOOKS. 

Jan.    25.  A  Catalogue  of  Modern  and  Standard  Works,  principally 
of  the  Duplicates  of  Hookham's  Library,  8vo.  1834. 
Tide  Tables  for  Plymouth,  Portsmouth,  Ramsgate,  Sheer- 
ness,  and  London  for  the  Year  1834,  8vo.  London, 
1884. 
28.  A  descriptive  Catalogue  of  the  CoUecticm  illustrative  of 
Greology  and  Fossil  Comparative  Anatomy  in  the 
Museum  of  Gideon  Mantell,  Esq.  F.6.S.  8vo.  Lon- 
don, 1884. 
3 1 .  Proceedings  of  the  Royal  Society,  No.  1 4,  November  1832. 
Philosophical  Transactions  of  the  Royal  Society  of  Lon- 
don, for  the  Year  1833,  part  2.  London,  1833. 
Feb.      4.  On  the  Former  Extent  of  the  Persian  Gulf,  and  on  the 
comparatively  recent  Union  of  the  Tigris  and  Euphra- 
tes, by  Charles  T.  Beke,  Esq.  8vo.  From  the  London 
and  Edinburgh  Philosophical  Magazine  and  Journal. 
1 5.  Messrs.  Black,  Young,  and  Young's  Catalogue  of  German 
Books  and  Maps  which  have  been  published  from 
July  to  December  1833, 18mo. 
M^moires  de  la  Societe  Greologique  de  France,  tome  Idre, 

Idrepartie,  4to.  Paris,  1833. 
Contributions  to  Geology,  by  Isaac  Lea,  Esq.    8vo. 

Philadelphia,  1833. 
Report  of  the  Scarborough  Philosophical  Society,  for 
1833. 
30.  Proceedings  of  the  Royal  Asiatic  Society,  January  4th, 
1834. 
Mar.     3.  The  Architectural  Magazine  and  Journal  of  Improvement 
in  Architecture,  Building  and  Furnishing,  and  in  the  va- 
rious Arts  and  Trades  connected  therewith,  conducted 
by  J.  C.  Loudon,  Esq.  F.G.S.  vol.  l,No.  1,  March  1834. 

4.  Aide-Memoire  du  Voyageur,  ou  Questions  relatives  a  la 

Geographic  Physique  et  Politique,  k  I'lndustrie  et  aux 
Beaux-arts,  &c.,  k  I'Usage  des  Personnes  qui  veulent 
udliser  leurs  Voyages,  ou  acquerir  la  Connoisance  exacte 
du  Pays  qu'elles  habitent,  12mo.  Paris,  1834. 

5.  Sketches  in  Spain  during  the  Years  1829,  1830,  1831 

and  1832,  containing  Notices  on  some  Districts  very 
little  known ;  of  the  Manners  of  the  People,  Govern- 
ment, recent  Changes,  Commerce,  Fine  Arts,  and 
Natural  History,  by  Capt.  S.  E.  Cook,  R.N.  K.T.S. 
F.G.S.  2  vols.  8vo.  London,  1834. 

Entomological  Magazine,  vol.  1. 
13.  Journal  of  the  Royal  Geographical  Society  of  London, 
vol.  3,  part  2. 

Des  Causes  de  la  plus  Grande  Taille  des  Espdces  fossiles 
et  humatiles  comparees  aux  Esp^ces  vivantes,  par 
M.  Marcel  de  Serres.  Extrait  de  la  Revue  Encyclo- 
pedique,  Avril — Mai  1833,  8vo. 


DONORS. 


Mr.  Hookham. 

The  Hon.  The  Court  of  Di- 
rectors of  the  East  India 
Company. 


Gideon  Mantell,  Esq.  F.G.S. 
The  Royal  Society. 


The  Author. 

Messrs.  Black,  Young,  and 

Young. 
The  Greological  Society  of 

France. 

The  Author. 

The   Scarborough  Philoso- 
phical Society. 

The  Royal  Asiatic  Society. 


The  Conductor. 


Colonel  Jackson. 


The  Author. 
F.  Walker,  Esq.  F.G.S. 
The  Royal  Geographical  So- 
ciety. 


The  Author. 


^  IasI  of  Donations. 

1834.  BOOKS. 

Mot.  13.  De  la  Simultan^ite  Ats  Terrains  de  .Sediment  Superieur, 
par  M.  Marcel  de  Setrea.  Extrait  du  tome  5eme  de  la 
Geographie  Physique  de  1' Encyclopedic  Methodique, 
4to.  Purig,  ISSO. 
Af/ril  3.  Considerations  sur  les  Ossemens  Fossiles  la  plilpart  in- 
conouR,  trouves  et  observes  dans  les  Bassins  de  I'Au- 
vergne,  par  M.  Geoflroy  Si.  Hilaire. 
8.  Report  on  the  Geology,  Mineralogy,  Botany,  and  Zoo- 
logy of  Massachusetts ;  made  and  published  fay  Order 
of'the  Government  of  tliat  Slate,  nidi  a  descriptive  List 
of  ihe  Specimens  of  Rocks  and  Minerals  collected  for 
the  Government,  by  Edward  Hitchcock,  Svo.  Am- 
herst. 1833. 
U.  Thirteenth  Report  of  the  Council  of  the  Leeds  Philoso- 
phical and  Literary  Society,  at  the  close  of  the  Session 
1833-1833. 

Bulletin  dc  la  Societc  G6ologique  de  France,  tome  4gme, 
feuillesC-d,  Svo.  Paris,  1833. 

Proceedings  of  the  Royal  Society  of  Literature,  vol.  1, 
No.  5,  January  to  March  1S34< 

Proceedings  of  the  Royal  Society,  No.  15,  December 
1833,  to  March  1834. 

Lettre  sur  le  Deluge  de  la  Samochrace  a  M.  A.  M. 
LctroTute,  par  M.  Theodore  Virlet,  Svo. 

Notes  Geoiogiques  sur  les  Isles  du  Nord  de  la  Gri-ce,  el 
en  particuller,  sur  un  Terrain  de  Calcairc  d'  Eau  douce 
a  Lignites,  par  M.  Tlifodore  Virlet.  Extrait  des 
Aniiales  dea  Sciences  Naiurelles,  tome  SOeme,  Svo. 

Asiatic  Researches.  Truuactioiu  of  tlie  Physical  CUsa  of 
the  Asiatic  Society  of  Bengal,  part  i,  4to.  Calcutta, 
18SS. 
IG.  Proceedings  of  the  Comtnittee  of  Science  and  Correspon- 
dence of  the  Zoolt^cal  Society,  for  May,  June,  July, 
August,  September,  October,  November  and  Decem- 
ber 18SS,  nith  a  List  of  Contributors. 

Prospectus  of  a  Joint  Stock  Company  for  the  Improve- 
ment of  Ireland,  6to.  London,  1834. 

Gedriingte  Ueberncbt  der  Ergebniase  einet  geogno- 
Btischen  Erfonchung  des  OdeOwaldes  und  einiger  an- 
grenzenden  Gegcnden,  mit  besonderer  Rucksicht  auf 
Andeutimg  der  Verbreitung^ebiete  der  Formationen, 
von  Dr.  A.  Klipstein,  4to.  Heidelberg,  18S9. 

History  of  the  Berwickshire  Naturalists'  Club,  instituted 
Sept.  23nd,  1831,  Svo.  Edinburgh,  1S34. 
sa.  The  History  of  the  Royal  Society  of  London  for  the  Im- 
proving of  Natural  Knowledge,  by  Thomas  Sprat, 
4to.  London,  1667. 

Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  13, 
part  2,  4to.  Edinburgh,  1834. 
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The  Leeds  Philosophical  and 

Literary  Society. 
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France. 
The  Royal  Society  of  Lite- 


The  Royal  Society. 
The  Author. 


The  Asiatic  Society  of  Ben- 


The  Zoological  Society. 
Lt.-Col.  Cokbrooke,  F.G.S. 


The  Author. 
The   Berwickshiri 


lisl 


'Clul 


Roderick  I.  Murchison,Esq' 

V.P.G.S. 
The  Royal  Society  of  Edin- 


iat  of  Donations. 


1834.  BOOKS. 

yipril  25.  Proceedings  of  the  Royal  Society  of  Edinburgh,  Nos.  1 
and  2,  December  18S2  to  May  1833,  and  No.  3,  De- 
cember 1833  to  January  1834. 
26.  Catalogue  des  Livres  de  la  Biblioth^que  de  Feu  M. 

T*  ♦  •  ♦  •  ♦,  8vo.  Paris,  1834. 
S9.  M.  A.  Nattali's  Catalogue  of  Books,  for  May  1834. 
May      4.  The  Transactions  of  the  Linnean  Society  of  London, 
vol.  17,  part  1,  4to.  London,  1834. 
Mr.  T.  Rodd's  Catalogue  of  Works  on  Arts  and  Sciences, 
and  Natural  History. 

6.  Studi  Geologici  sulla  Toscana  del  Professore  Paolo  Savi, 

8vo.  Pisa,  1833. 

7.  An  Inaugural  Lecture  on  the  Study  of  Botany,  read  in 

the  Library  of  the  Botanic  Garden,  Oxford,  May  1st, 
1834,  by  Charles  Daubeny,  M.D.  F.G.S.  Professor 
of  Chemistry  imd  Botany  in  the  University  of  Oxford, 
8vo.  Oxford,  1834. 

8.  Annual  Report  of  the  Council  of  the  Yorkshire  Philo- 

sophical Society,  for  1833,  presented  to  the  Annual 
Meeting,  February  4th,  1834,  8vo.  York,  1834. 

10.  Outline  of  the  Geology  of  the  Neighbourhood  of  Chelten- 
ham, by  Roderick  Impey  Murchison,  Esq.  V.P.G.S. 
&c.  8vo.  Cheltenham,  1834. 

14.  Annual  Report  of  the  Committee  of  the  Athenaeum 
for  the  Year  1833,  dated  May  l£th,  1834. 

16.  An  Account  of  the  Caves  of  Bally bunian.  County  of 
Kerry,  with  some  Mineralogical  Details,  by  William 
Ainsworth,  Esq.  8vo.  Dublin,  1834. 

19.  Memoirs  of  the  Royal  Astronomical  Society,  vol.  7, 
4to.  London,  1834. 

21.  Origines  Biblicfie,  or  Researches  in  Primeval  History,  by 
Charles  Tilstone  Beke,  Esq.  vol.  1st,  8  vo.  London,  1834. 

23.  Note  on  a  Paper  by  Dr.  John  Davy,  entitled, ''  Notice  on 
the  Remains  of  the  recent  Volcano  in  the  Mediterra- 
nean," by  Charles  Daubeny,  M.D.  F.G.S.  From  the 
Philosophical  Transactions  for  1833,    4to.   London, 
1833. 
On  the  Quantity  and  Quality  of  the  Gases  disengaged 
from  the  Thermal  Spring  which  supplies  the  King's 
Bath  in  the  City  of  Bath,  by  Charles  Daubeny,  M.D. 
F.G.S.      From  the   Philosophical  Transactions   for 
1834,  4to.  London,  1834. 
Hohen  Messungen  inund  um  Thiiringen,  Gesammelt, 
Verglichen  und  mit  einigen  Bemerkungen  begleitet, 
von  K.  E.  A.  von  Hoff,  4to.  Gotha,  1833. 
Proceedings  of  the  Royal  Society,  No.  16,  April  and 
May  1834. 
June      3.  Bulletin  de  la  Societe  Geologique  de  France,  tome  4eme, 
feuilles  10-14,  8vo.  Paris,  1833. 
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M.  Silvestre. 
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The  Author. 

The  Committee  of  the  Athe- 
neeum. 
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Society. 

The  Author. 
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The  Author. 

The  Royal  Society. 
The  Geological  Society  of 
France. 


List  of  Donations. 

34.  BOOKS. 

3,  Table  dea  Matierea  el  des  Auteurs  pour  le  troiaifimc 
Volume  t!u  BulIeiindelaSociete  GeologiquedeFrancei 
par  M.  Clement-Mullet. 
Researches  in  Theoretical  Geology,  by  Henry  T.  de  la 
Beclie,  Ea»i.  V.P.G.S.   13mo.  London,  1834. 
t.  M.  A.  Naciali's  Catalogue  of  Books,  for  June  L834. 
Magazin  for  Naturvidenskaberne.  Udgives  af  den  pby- 
siographiBke  Forening  i  ChrisCiania,  Anden  Rcekkes, 
Iste  Binds,  3det  Hefie,  8vo.  Chrislianta,  1833. 
5.  Journal  of  tiie  Royal  Geographical  Society  of  London, 
vol.  4,  part  1,    1834. 

7.  Transactions  of  the  Cambridge  Philosophical  Society, 

vol.  5,  part  2,  4to.  Cambridge,  1834, 
18.  Experimental  Researches  in  Electricity  (SixthandSeventh 

Series),  by  Michael    Faraday,  Esq.    D.C.L.   F.G.S. 

From  the  Philosophical  Transactions  for  1834,    4to. 

London,  1834. 
SS.  The  American  Journal  of  Science  and  Arts,  conducted 

by  Benjamin  Silliman,   M.D.  vol.   86,  No.  I,    8vo. 

New  Haven,  1834. 
35.  Dcscripiions  of  some  new  Species  of  Cuvier'a   Family 

of  Brachiopoda,  by  W.  J.   Broderip,  Esq.  V.P.G.S. 

4to.  From  the  Transactions  of  the  Zoological  Society, 

vol.  I,  part  S,  1834. 
On  the  Anatomy  of  the  Brachiopoda  of  Cuvicr,  and  more 

especially  of  the  Genera  Terebraiula  and  Orbicula, 

by  Richard  Owen,  Esq.  Assistant  Conservator  of  the 

Museum  of  the  Royal  College  of  Surgeons  in  London^ 

4to.  From  the  Trantactiona  of  the  Zoolo^cal  Society, 

vol.  1,  part  2,  1834. 
5.  An  Addreis  delivered  at  the  third  Annual  Meeting  of 

the  Geolt^cal  Society  of  Dublin,  on  the  1 3th  of  Fe> 

bnury  1834,  by  the  Rev.  Bartholomew  Lloyd,  D.D. 

President  of  the  Society ;  to  which  ii  subjoined  the 

Annual  Report,  &c.  6vo.  Dublin,  1834. 
Journal  of  the  Geological  Society  of  Dublin,  vol.  1,  part  2, 

8vo.  Dublin,  1834. 

8.  Fremiuma  of  the  Society  for  the  Encouragement  of  Arts, 

Manu&ctures,  and  Commerce,  for  the  Sessions  1834- 

1833,  1635-1836,  8 vo.  London,  1834. 
Annalesdes  Mines,  ouRecueil de  Memoires  lur  I'Exploi- 

tation  des  Mines,  et  sur  les  Sciences  et  lea  Arts  qui  s'y 
rapportent,  redigees  par  les  Ingenieurs  des  Mines,  et 
publiees  sous  I'Autorisationdu  Conseillerd'£tat,Direc- 
teur  General  des  Fonts  et  Chaussees  et  des  Mines,  3eme 
Serie,  tome  6,  4eme  livraison,  1834,  8vo.  Paris,  1834. 
9.  The  Athenceum  Journal  of  English  and  foreign  Litera- 
ture, Science  and  Fine  Arts,  from  January  to  June 

1834,  4to.  LondoD,  1834. 


The  Geolt^cal   Society  of 
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Mr.  Natiali. 


H.  C.  Strom,  Esq. 
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Society, 
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July     11.  Transactioiis  of  the  Royal  Asiatic  Society  of  Great 
Britain  and  Ireland,  vol.   3,  part  3,  4to.  London, 
1834. 
The  Journal  of  the  Royal  Asiatic  Society  of  Great  Bri- 
tain and  Ireland,  No.  1,  Sto.  London,  1834. 

13.  Notice  of  Fossil  Bones  found  in  the  Tertiary  Formation 
of  the  State  of  Louisiana^  hy  Richard  Harlan,  M.D. 
Read  October  19th  1832.  From  the  Transactions  of 
the  American  Philosophical  Society  held  at  Philadel- 
phia,  vol.  4. 

17.  Annates  des  Mines,  ou  Recueil  de  Memoires  sur  TEx- 
ploitation  des  Mines  et  sur  les  Sciences  qui  s'y  rap- 
portent,  redigees  par  les  Ingenieurs  des  Mines,  et 
publiees  sous  I'Autorisation  du  Conseiller  d'Etat,  Di- 
recteur  General  des  Fonts  et  Chaussees  et  des  Mines, 
3dme  Serie,  tome  5dme,  11  ^me  livraison  de  1834,  8vo. 
Paris,  1834. 

19.  Report  of  the  Third  Meedng  of  the  British  Association 
for  the  Advancement  of  Science,  held  at  Cambridge  in 
1833,  8vo.  London,  1834. 

22.  Philosophical  Transactions  of  the  Royal  Society  of  Lon- 
don, for  the  Year  1834,  part  1,  4to.  London,  1834. 

29.  A  Manual  of  Mineralogy,  comprehending  the  more  re- 
cent Discoveries  in  the  Mineral  Kingdom,  by  Robert 
Allan,  Esq.  F.G.S.  8vo.  Edinburgh,  1834. 
Memoire  sur  la  Position  Geologique  des  Principales 
Mines  de  Per  de  la  Partie  Orientale  des  Pyrenees ; 
accompagne  de  Considerations  sur  I'Epoque  du  Sou- 
lavement  du  Canigou,  et  sur  la  Nature  du  Calcaire  de 
Rancie,  par  M.  Dufrenoy.    Extrait  des  Annales  des 
Mines,  3eme  Serie,  tome  5^me,  8vo.  Paris,  1834. 
Transactions  of  the  Zoological  Society  of  London,  vol.  1, 
part  2,  4to.  London,  1834. 
Aug,     1 .  Quelques  Observations  de  Physique  Terrestre,  par  MM. 
Auguste  de  la  Rive  et  F.  Marcet,  4to. 

4.  Bulletin  de  la  Society  Geologique  de  France,  tome  4dme, 

feuilles  15-19,  8vo.  Paris,  1834. 

5.  Memoire  sur  la  Formation  Jurassique  dans  le  Nord  de  la 

France,  par  M.  E.  Puillon  Boblaye.  Extrait  des 
Annales  des  Sciences  Naturelles,  Mai  1829,  8vo. 
Paris,  1829. 

Recherches  sur  les  Roches  designees  par  les  Anciens 
sous  les  Noms  de  Marbre  Lacedemonien  et  d*Ophites, 
par  M.  E.  P.  Boblaye,  folio. 
8.  Bulletin  delaSociete  Geologique  de  France,  tome  4^me, 
feuilles  20-24,  8vo.  Paris,  1834. 

Verhandlungen  der  Gesellschafl  des  vaterlandischen  Mu- 
seums in  Bohmen  in  der  zwolften  allgemeinen  Ver- 
sammlung,  am  2  April,  1834,  8vo.  Prag,  1834. 
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The  Royal  Asiatic  Society  of 
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L' Administration  des  Mines. 
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The  Author. 

The  Zoological  Society. 

The  Authors. 
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1831.  BOOKS. 

/fug.    1*.  Nautical  and  Hydraulic  Experimenls, 'w 


lih  I 


Scienciiic  Miscellanies,  by  Colonel  Mark  Beaufoy, 
F.R.S.  vol.  1,  4lo.  London,  183+. 
,  Resume  des  Progres  des  Scienoea  Geologiques  pendant 
rAnnee  1833,  par  M.  Ami  Boue.  Lu  aux  Seances 
deal7et  34Fevrier,  et  7  Avril  1834,  tome  5eme  tlu 
Bulletin  de  la  Sociele  Geologique  de  France,  8vo.  Pa- 
ris, 1834. 

Contents  of  parts  3  and  3  of  the  Proceedings  of  the 
Royal  Society  of  London,  1831-1833. 
30.  Black,  Yoimg  and  Young's  Catalogue  of  German  Books 
and  Maps  nhicli  have  been  published  &om  January 
to  June  1834,  12nio. 

iScpt-  1-  Abhandlungen  der  Koniglichen  Akademie  der  Wissen- 
Echaften  za  Berlin,  aus  dcm  Jahre  1BS2  nebst  der  Ge- 
schichte  der  Akadenite  in  diesero  Zeitraum,  4to.  Ber* 
lin,  1884. 
IH.  Principles  of  Geology,  being  an  Inquiry  how  far  the 
former  Changes  of  the  Eiirtli's  Surface  are  referable  to 
Causes  now  in  Operation,  by  Charles  Lyell,  Esq.  For. 
Sec.  G.S.  3id  Edition,  in  four  volumes,  ISmo.  Lon- 
don, 1S34. 
Transactions  of  the  American  Philosophical  Society, 
held  at  Philadelphia,  for  promoting  Useful  Know- 
ledge. New  Series,  vol.  4,  part  3,  4to.  Philadelphia, 
1834. 
20.  A  Collection  of  Geological  Facts  and  practical  Observa- 
tions intended  to  elucidate  the  Fonnution  of  the  Asliby 
Coal  Field,  by  Edward  Mammatt,  Esq.  F.G.S.  4to. 
Aahby-de-la-Zouch,  1834. 

Oct.  16.  The  American  Journal  of  Science  and  Arta,  conducted 
by  Benjamin  Silliman,  M.D.  For.  Mem.  G.S.  vol.  26, 
No.  2,  July  181)4,  Svo.  New  Haven,  1834. 
24.  Memorie  della  Societa  Italiana  delle  Scienze  residents  m 
Modena,  tomo  20,  fascicolo  secondo  delle  Memorie 
di  Fisica,  4to. 
Sul  Problema  dell'  Equilibrio  delle  Volte.  Memoria  del 
Signor  Dottore  Vincenso  Amici,  Corotiala  dalla  Societi 
Italiana  delte  Scienze  reiidente  in  Modena,  4to.  Mo- 
dena, 1833. 

Nov.  5.  A  Treatise  on  the  Epidemic  Cholera ;  containing  its  Hi- 
story, Symptoms,  Autopsy,  Etiology,  Causes  and 
Treatment,  by  Alexander  Turnbull  Christie,  M.D. 
8vo.  London,  1833. 
Elements  of  Chemistry,  including  the  recent  Disco- 
veries and  Doctrines  of  the  Science,  by  Edward 
Turner,  M.D.  Sec.G.S.  Fiflh  Edition,  8vo.  London, 
1834. 


Henry  Beaufoy,  Esq.  F.R.S, 


The  Author. 
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cal Society. 


The  Society, 
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6.  Observations  on  the  Genus  Unio,  together  with  Descrip- 
tions of  new  Oenera  and  Species  in  the  Families 
Naiades,  Conchse,  Colimacea,  Lymnseana,  Melaniana 
and  Peristomiana ;  consisting  of  Four  Memoirs  read 
before  the  American  Philosophical  Society,  from  1827 
to  1834,  and  originally  published  in  their  Transac- 
tions, by  Isaac  Lea,  Esq.  4to.  Philadelphia,  1834. 
14.  Recherches  sur  les  Ossemens  Fossiles,  decou verts  dans 
les  Cavernes  de  la  Province  de  Liege,  par  le  Docteur 
P.  C.  Schmerling,  2dme  partie,  completant  le  premier 
volume,  4to.  Liege,  1833. 

Meraoires  de  la  Societe  de  Physique  et  d'Histoire  Na- 
turelle  de  Geneve,  tome  6eme,  parties  1  et  2,  4to.  Ge- 
neve, 1833. 
18.  The  American  Journal  of  Science  and  Arts,  conducted 
by  Benjamin  Silliman,  M.D.  LL.D.  vol.  27,  No.  1, 
Oct.  8vo.  New  Haven,  1834. 
2  1.  The  Fourteenth  Report  of  the  Council  of  the  Leeds  Phi- 
losophical and  Literary  Society,  at  the  close  of  the 
Session  1833-1834,  8vo.  Leeds,  1834. 

A  Catalogue  of  the  Fellows,  Candidates  and  Licentiates  of 
the  Royal  College  of  Physicians,  8vo.  London,  1834. 
28.  Nouveaux  Memoires  de  la  Societe  Imperiale  des  Natu- 
ralistes  de  Moscou,  dedies  a  S.  M.  I'Empereur  Ni- 
cholas I.  tome  3,  4to.  Moscou,  1834. 

Bulletin  de  la  Societ6  Imperiale  des  Naturalistes  de  Mos- 
cou, tome  6,  8vo.  Moscou,  1833. 

A  Treatise  on  Nautical  Surveying  :  containing  an  Out- 
line of  the  Duties  of  the  Naval  Surveyor  ;  with  Cases 
applied  to  naval  Evolutions  and  miscellaneous  Rules 
and  Tables  useful  to  the  Seaman  or  Traveller,  by  Com- 
mander Edward  Belcher,  R.N.  8vo.  London,  1835. 
3.  Observations  Geologiques  sur  les  deux  Isles  Baleares, 
Majorque  et  Minorque,  par  le  Chevalier  Albert  de  la 
Marmora,  4to.  Turin,  1834. 

Transactions  of  the  Geological  Society  of  Pennsylvania, 
vol.  1,  part  1,  8vo.  Philadelphia,  1834. 

A  descriptive  Catalogue  of  the  Collection  illustrative  of 
Geology  and  Fossil  Comparative  Anatomy,  in  the 
Museum  of  Gideon  Mantell,  LL.D.  F.G.S.  3rd  Edi- 
tion, 8vo.  London,  1834. 

The  Magazine  of  Natural  History  and  Journal  of  Zo- 
ology, Botany,  Mineralogy,  Geology  and  Meteorology, 
conducted  by  J.  C.  Loudon,  Esq.  F.G.S.  &c.,  for  the 
Year  1834,  8vo. 

The  London  and  Edinburgh  Philosophical  Magazine  and 
Journal  of  Science,  conducted  by  Sir  David  Brewster, 
K.H.  LL.D.  F.G.S.  &c.,  Richard  Taylor,  Esq.  F.G.S. 
&c.,andR.  Phillips,  Esq.  F.G.S.  &c.,for  the  Year  1834. 


DONORS. 


c. 


The  Author 


The  Author. 

The  Society  of  Natural  Hi- 
story  of  Geneva. 


The  Conductor. 

The  Leeds  Philosophical  and 
Literary  Society. 

The  Royal  College  of  Phy- 
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The  Imperial  Society  of  Na- 
turalists of  Moscow. 


The  Author. 


The  Author. 

The   Geological  Society  of 
Pennsylvania. 


Gideon     ManteU,      LL.D 
F.G.S. 


The  Conductor. 


The  Conductors. 


List  of  Donations. 

BOOKS. 
.  The   Horticultural  Register   and  General  Magaeine  of 
■11  useful  and  interesting  DiscosericB  connected  with 
Natural  History  and  Rural  Subjects,  conducted  by 
Joseph  I'axton,  for  the  Year  1834, 
.  A  Guide  to  Geology,  by  John  Phillips,  Esq.  F.G.S. 
Professor  of  Geology  in  King's  College,  London,  1 2ino. 
London,  1834. 
.  Transactions  of  the  American  Philosophical  Society  held 
nt   Philadelphia,    for   promoting    Useful   Knowledge, 
vol.  S,  part  a.  New  Series,  4ia.    Philadelphia,  1S34. 
I,  Rules  and  Regulations  for  the  Government  of  the  Athe- 
nfEuiii,  with  an  Alphabetical  List  of  the  Members, 
ate.  l£nio.  London,  1334. 
J.  Transactions  of  the  Medico- Botanical  Society  of  London, 
for  1882  and  1833,  Hvo.  London,  1834. 
Experimental  Researches  in  Electricity  (Eighth  Series),by 
Michael  Faraday,  Esq.  F.G.S.  &c.  From  the  Philoso- 
phical Transactions,  pan  2,  for    1 834,  4to.  London, 
1634. 
A  Journey  from  Sydney  to  the  Australian  Alps,  by  Dr. 

John  Lhotsky. 
Geschichte  der  durch  iiberlieferung  nachgewiesenen  na- 
liirlichen  Vcranderungen  der  Erdoberflache  ein  Ver- 
such,  von  Karl  E.A.  von  HoS;  Ste  Theil,  8vo.  Gotha, 
1834. 
Letheea  Gcognoetica,  odcr  Abbildungund  Beschreibung 
der   fiir  die   Gebirga-Fonnaiionen    bezeichnendslen 
Verstcinerungen,  von  Dr.  H.  G.  Bronn,   Ister  Lie- 
ferung,  Stuttgart,  1834. 
Canal  de  Jonction  entre  le  Rhin  et  le  Danube,  par  Ch. 
Tb.  Kleinwhrod.  Traduit  de  I'Allemand,  8vo,  Munich, 
1884. 
Bulletin  de  la  Soci€t£  Geologique  de  France,  tome  4dme, 

feuillet  28  et  29,  8vo.  Paris,  1834. 
The  Philosophical  Tramactioiu  of  the  Royal  Sodety  of 
London,  for  the  Year  1834,  part  2, 4to.  London,  1834. 
Proceedings  of  the  Royal  Society  of  London,  No.  17, 

May  and  June  1834,  Svo. 
The  Repertory  of  Patent  Inventions,  and  other  Ditco- 
veriea  and  Improvetnenta  in  Arts,  Manufactures  and 
Agriculture.  New  Series,  for  the  Year  1834,  Svo.  Lon- 
don, 1834. 
Annates  des  Mines,  ou  Recueil  de  Memoires  sur  I'Ex- 
ploitation  des  Mines,  et  sur  les  Sciences  et  les  Arts 
qui  s'y  rapportent,  redigecs  par  les  Ingenieurs  des 
Mines,  et  publiees  sous  I'Autorisatton  du  Conseiller 
d'Etat,  Directeur  General  des  Ponts  et  Chausscea  et 
des  Mines,  Seme  Serie,  tome  6,  Seme  livraison,  Svo. 
Paris,  1634. 
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tfi.       d.  M.A.Nattali'sCatalogueof  Books  in  various  Languages, 
for  the  Year  1885,  8yo.  London,  1884. 
9.  T.  Rodd's  Catalogue  of  Books  for  the  year  1885,  8vo. 

Descriptive  and  illustrated  Catalogue  of  the  Physiologi- 
cal Series  of  Comparative  Anatomy  contained  in  the 
Museum  of  the  Royal  College  of  Surgeons  in  London, 
vol.  2,  including  the  Absorbment,  Circulating,  Respi- 
ratory, and  Urinary  Systems,  4to.  London,  1884. 
26.  Transactions  of  the  Society  for  the  Encouragement  of 
Arts,  Manufactures  and  Commerce,  for  the  Session 
1888-1 884,  being  part  1  of  vol.  50,  8vo.  London,  1884. 

Records  of  General  Science,  by  Robert  D.  Thomson, 
M.D.  with  the  Assistance  of  Thomas  Thomson,  M.D. 
F.6.S.  Regius  Professor  of  Chemistry  in  the  Univer- 
sity of  Glasgow,  No.  2,  February  1 885,  8vo.  London, 
1885. 

On  the  Structure  of  the  Teeth,  in  the  "  Edentata,"  fossil 
and  recent,  by  Richard  Harlan,  M.D.  Read  April  28th, 
1884.  From  the  Transactions  of  the  Geological  So- 
ciety of  Pennsylvania,  vol.  1. 

Critical  Notices  of  various  organic  Remains  hitherto 
discovered  in  North  America,  by  Richard  Harlan, 
M.D.  Read  May  21st,  1884.  From  the  Transactions 
of  the  Geological  Society  of  Pennsylvania,  vol.  1 . 

Bohn's  Catalogue  of  Ancient  and  Modern  Books  in  all 
Classes  of  Natural  History.  Agriculture,  Gardening, 
Mining,  Hunting,  Hawking,  Fishing,  &c.  8vo.  Lon- 
don, 1885. 

Arboretum  Britannicum ;  or  the  Hardy  Trees  of  Britain, 
native  and  foreign,  pictorially  and  botanically  deli- 
neated, and  scientifically  and  popularly  described,  &c., 
by  J.  C.  Loudon,  Esq.  F.G.S.  Nos.  1  and  2,  8vo.  Lon- 
don, 1885. 

Dictionnaire  Geographique  de  la  Province  d'Anvers«  et 
Dictionnaire  Geographique  de  la  Province  de  la  Flan- 
dre  Orientale,  par  M.  Ph.  Vander  Maelen,  2  vols.  8vo. 
Bruxelles,  1884. 

Proceedings  of  the  Royal  Society  of  London,  No.  18, 
Nov.  1884. 
b,       1.  Journal  of  the  Royal  Geographical  Society,  vol.  4,  part  2, 
8vo.    London,  1885. 

A  Letter  to  James  Jameson^  Esq.,  by  Charles  Waterton, 
Esq.  of  Walton  Hall,  8vo.  Wakefield,  1885. 

On  the  Freshwater  Limestone  of  Burdiehouse,  in  the 
Neighbourhood  of  Edinburgh ;  with  Supplementary 
Notes  on  other  Freshwater  Limestones,  by  Samuel 
Hibbert,  M.D.  F.G.S.  From  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  vol.  18,  part  1,  4to. 
Edinburgh,  1885. 


DONORS. 

Mr.  M.  A.  Nattali. 
Mr.  T.  Rodd. 


The  Royal  College  of  Sur- 
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The  Society  of  Arts. 


The  Editor. 


The  Author. 


Mr.  John  Bohn. 
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Feb.       \.  The  Analyst,  a  monthly  Journal  of  Science,  Liitralure 
and  the  Fine    Arta,    No.    7,    February    1«35,    Svo. 
London,  1835, 
A  second  Copy  of  the  same  Number  was  presented  by  the 

Editor,  March  7lh. 
Analysis  of  Coprolitt«  and  other  organic  Remains  im- 
bedded in  the  Limestone  of  BnrdiehDusc,  near  Edin* 
burgh,  by  Arthur  Connell,  Esq.     From  the  Transac- 
tions of  the  Royal  Society  of  Edinburgh,  vol.  IS,  ito. 
Edinburgh,  \%'ib. 
On  the  Satellites  of  Uramis,  by  Sit  J.  F.  W.  Herachel, 
Knt.   Guelp.    F.G.S.      From    the    Memoirs  of    the 
Royal  Astrunomical    Society,  vol.  8,    4to.    Lundoii, 
\SZi. 
A  List  of  Test  Objects,  principally  double  Stars,  arranged 
in  Classes,  for  the  trial  of  Telescopes  m  various   Re- 
spects, as  to  Light,  Distinctness,  &c.,  by  Sir  i.  F.  W. 
Herachel,  Knt.   Guelp.   F.G.S.     From  the  Memoirs 
of  the  Royal  Astronomical  Society,  vol.  S,  4to.  Lon- 
don, 183i. 
A  Second  Scries  of  Micrometrical  Measures  of  double 
Stars,  chiefly  perforiued  with  the  seven-feet  equatorial, 
at  Slough,  in  the  Years  1831,  1832  and  1S3S,  by  Sir 
J.  F.  W.  Herschel,  Knt.  Guelp.   F.G.S.    From  the 
Memoirs  of  the  Royal  Astronomical  Society,  vol.  8, 
Mo,  London,  18S4. 
Transactions  of  the  American  Philosophical  Society,  held 
at  Philadelphia,  for  promoting  Useful  Knowledge, vol. 5. 
New  Series,  part  1,  4to.  Pbikdelpbis,  1834. 
Bulletin  de  U  Sodet£  Geologique  de  France,  tome  6, 

feuillef  1-4,  8ro.  Paiia,  188S. 
Raccolta  di  Ouervuioiti  Clioiche  aull'  Uso  dell'  Acqua 
Teimo-Minerale  VesuTiana-Nimziante,  Fstte  da  varii 
ProfesBori  del  18S2,   fascicolo  primo,    Svo.  Nspoli, 
1833. 
Raccolta  di  OaservasioDi  intoroo  gli  Effetti  Terapeutici 
e  le  Cure  per  I'Acqua  Terrao-Minerale  Vesuviana- 
Nunziante  correntel'Anno  1833.     Preceduta  da  una 
Memoria  scritta  dal  Profeasore  Guiseppe  Ricci,  fasci- 
colo aecondo,  Svo.  Napoli,  1834. 
Mar.      ft.  A  History  of  BritJsh  Fishes,  by  William  Yarrell,  F.L.S. 
part  ],  Svo.  Londtm,  183S. 
3.  The  West  of  England  Journal  of  Science  and  Literature, 
edited  by  George  T.  Clark,  No.  1,  January  1835, 
8vo.    Bristol,  1835. 
Journal  of  the  Academy  of  Natural  Sciences  of  Philadel- 
phia, vol.  r,  part  1,  Svo.  Philadelphia,  1834. 
List  of  the  Members  of  the  Zoological  Society  of  London, 
June  Isl,  1833,  Svo.  London,  1833. 


Hugh  E.   Strickland,  Esq. 
F.G.S. 


The  American  Philosophiral 

Society. 
The  Geological  Society  of 

France. 


Charles     Daubeny,    M.D. 
F.G.S. 


The  Editor. 

The   Academy    of  Naluril 
Sciences  of  Philadelphia. 

The  Zoological  Society. 
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Mar.     7.  Supplement  to  the  List  of  the  Members  of  the  Zoologi- 
cal Society,  June  1834. 

List  of  the  Members  of  the  Royal  Asiatic  Society  of 
Great  Britain  and  Ireland,  1834.  8vo. 

List  of  the  Members  of  the  Royal  Society  of  London, 
Ist  Dec.  1834,  4to. 

Report  on  the  Adjudication  of  the  Copley,  Rumford,  and 
Royal  Medals;  and  appointment  to  the  Bakerian, 
Croonian,  and  Fairchild  Lectures.  4to.  London,  1 834. 

List  of  the  Members  of  the  Society  of  Antiquaries  of 
London.  4to.  1834. 

List  of  the  Members  of  the  Linncan  Society  of  London. 
4to.  1834. 

List  of  the  Members  of  the  Horticultural  Society  of  Lon- 
don. 4to.  1834. 
21.  The  American  Journal  of  Science  and  Arts,  conducted 
by  Benjamin  Silliman  M.D.  LL.D.,  vol.  27,  No.  2. 
8vo.  New  Haven,  1835. 

Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  13, 
part  1.  4to.  Edinburgh,  1835. 

Proceedings  of  the  Royal  Society  of  Edinburgh,  No.  4, 
January  to  April,  1834.  8vo. 
23.  Bibliographia  Palaeonthologica  Animalium  systematica. 
Auctore  Gotthelf  Fischer  de  Waldhclm.  Editio  altera, 
aucta,  jussu  Societatis  Caesareae  Naturae  Scrutatorum 
impressa.    8vo.  Mosquas,  1834. 
26.  The  Journal  of  the  Royal  Asiatic  Society  of  Great  Bri- 
tain and  Ireland,  No.  2.    8vo.  London,  1834. 
/fpril    3.  Voyage  dans  I'Amerique  Meridionale  commen9ant  par 
Buenos  Ay  res  et  Potosi  jusqu'a  Lima,  par  Antoine- 
Zachaire  Helms,  traduit  de  1' Anglais.  8vo.  Paris,  1815. 
6.  The  Entomological  Magazine,  Nos.  6-9  for  January  to 
October  1834,  and  Nos.  10  and  11  for  January  and 
April  1835.    8vo.  London. 

Illustrations  of  the  Botany  and  other  Branches  of  the 
Natural  History  of  the  Himalayan  Mountains,  and  of 
the  Flora  of  Cashmere;  by  J.  Forbes  Royle,  Esq., 
F.G.S.,&c.  partsl  to5.   fol.  London,  1834,  1835. 

Memoirs  of  Ichthyosauri  and  Plesiosauri,  extinct  Mon<^ 
sters  of  the  Ancient  Earth ;  by  Thomas  Hawkins,  Esq. 
F.G.S.  fol.  London,  1834. 

Transactions  of  the  Zoological  Society  of  London,  vol.  1^ 
part  3.  4to.  London,  1835. 

A  memoir  on  Clavagella;  by  W.  J.  Broderip,  Esq., 
V.P.G.S.  From  the  Transactions  of  the  Zoological 
Society,  vol.  1.  4 to. 

Descriptions  of  some  New  Species  of  Calyptraeidae ;  by 
W.  J.  Broderip,  Esq.,  V.P.G.S.  From  the  Transac- 
tions of  the  Zoological  Society,  vol.  1.     4to. 


DONOBS. 


The  Zoological  Society. 
The  Royal  Asiatic  Society. 
The  Royal  Society. 


The  Society  of  Antiquaries. 
The  Linnean  Society. 
The  Horticultural  Society. 


The  Conductor. 
The  Royal  Society  of  Edin- 
burgh. 


The  Author. 

The  Royal  Asiatic  Society  of 
Great  Britain  and  Ireland. 


John  Willimott,  Esq.  F.G.S. 


F.  Walker,  Esq.  F.G.S. 


The  Author. 


The  Author. 


The  Zoological  Society. 


The  Author. 


May 


Report  of  tlie  Direclors  of  the  Manchester  Mecha 
lostitucion,  and  Proceedings  at  the  Annual  Meeting 
of  the  Members  held  in  the  Thcatreofthe  Instil 
on  Thursdaj,  2Gth  February,  1835.  8vo. 

A  Catalogue  of  the  Library  of  the  Manchester  Mechanics' 
Institution,  nith  the  Rules  and  a  Sketch  of  the  Obje 
and  Advantages  of  the  Institution.  8vo.  Manchester, 
1834. 
38.  The  Clietnica]  Catechism,  by  the  late  Samuel  Farkes, 
F.G>S.   &c>  Sic,     Thirteenth    Edition ;    revised   and 
adapted  to  the  present  state  of  Chemical  Science  by 
E.W.  Brayley,  Jun.  Svo.  London,  1834. 
S9.  Illustrations  on  the  Botany  and  other  Branches  of  the 
Natural  History  of  the  Himalayan  Mountains  and  of 
the  Flora  of  Cashmere ;  by  John  Forbes  Royle,  Esq. 
V.G.&.  &c,  part  6.  folio.  London,  1835. 

Proceedings  of  the  Royal  Society  of  London,  No.  19 
December  1834  to  March  18S5.  Svo. 
1.  Experimental  Researches  in  Electricity  (Ninth  Series) ; 
by  Michael  Faraday,  Esq.  D.C.L.  F.G.S.  &c.  From 
the  Philosophical  Transactions,  part  1.  for  1835.  4io. 
London,  1835. 

Arboretum  Britannicum,  or,  the  Hardy  Trees  of  Britain 
Native  and  Foreign,  pktorially  and  bounically  deli- 
neated, and  icientifically  and  popularly  deacribed ;  by 
J.  C.  Loadtm,  Esq.  F.G.S.  No.  6,  May.  Svo.  London, 
1835. 

Ueber  Terebrateln  mit  einem  Versuch,  sic  zu  classiGciren 
und  xa  beachreiben ;  von  Leopold  von  Buch,  Eine  in 
der  Koniglicben  Akademie  der  WisaenachafWn  gele- 
■ene  Abhandlung.  foL  Berlin,  1834. 

Nouvellea  Annalea  du  Ma>£am  d'Histoire  Naturelle,  ou 
Recueil  de  M£moire«  publiea  par  lea  Profetseurs  de 
cet  ^tabliisement  et  par  d'autret  NatuTalistea  sur 
I'Histoire  Naturelle,  rAnatomie,  et  la  Chimie,  tomes 
1  as.  4to.  Paris,  1832-1834. 
4.  Mr.  M.  A.  Nattali's  Catalogue  of  Books  for  May  1835. 
8vo. 

A  Guide  to  Geology;  by  John  Phillips,  Esq.  F.G.S. 
Professor  of  Geology  in  King's  College,  London.  2nd 
Edition.  12mo.  London,  1835. 

Sketch  of  the  Geology  and  Mineralogy  of  New  London 
and  Windham  Counties  in  Connecticut ;  by  Wm.  W. 
Mather.  8vo.  Norwich,  U.S.,  ISSi. 


The  Manchester  Mechanics' 
Institution. 


The  Author. 

The  Royal  Society. 


L'AdministratioD  du   i\a- 
s^um  d'  Histoire  Naturelle 
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ay    12.  An  AddreM  delivered  at  the  Fourth  Annual  Meeting  of 
the  Geological  Society  of  Dublin,  on  the  11th  of  Fe- 
bruary, 1885,  by  Richard  Griffith,  Esq.  F.G.S.  Pre- 
sident of  the  Society:  to  which  is  subjoined  the  Annual 
Report,  &c.  &c.  8vo.  Dublin,  1885. 
Notice  as  to  the  supposed  Identity  of  the  large  Mass  of 
Meteoric  Iron  now  in  the  British  Museum,  with  the 
celebrated  Otumpa  Iron  described  by  Rubin  de  Celis 
in  the  Philosophical  Transactions  for  1786 ;  by  Wood- 
bine Parish,  Jun.,  Esq.  F.G.S.    From  the  Philoso- 
phical Transactions,  part  1.  for  1884.  4to.  London, 
1884. 
21.  The  American  Journal  of  Science  and  Arts,  conducted 
by  Benjamin  Silliman,  M.D.  LL.D.  yol.  28,  No.  I, 
April,  1885.  8vo.  New  Haven,  1885. 
27.  Notices  on  the  Bolivian  Andes,  and  Southern  Affluents 
of  the  Amazons,  communicated  to  the  Royal  Geogra- 
phical Society  by  J.  B.  Pentland,  Esq.  and  Woodbine 
Parish,  Jun.  Esq.  F.G.S.    From  the  Journal  of  the 
Royal  Geographical  Society.  8vo.  1885. 
"  How  to  Observe  "  Geology  ;  by  H.  T.  De  la  Beche, 
Esq.  For.  Sec.  G.S.  8vo.  London,  1835. 
30.  Synopsis  of  the  Organic  Remains  of  the  Cretaceous 
Group  of  the  United  States ;    by  Samuel   George 
Morton,  M.D.  8vo.  Philadelphia,  1834. 
The  Repertory  of  Patent  Inventions^  and  other  Disco- 
veries and  Improvements  in  Arts,  Manufactures  and 
Agriculture.     New  Series  for  the  Year  1885.  Svo. 
London,  1885. 

ne  ft.  Revelation  and  Science  :  the  Substance  of  a  Discourse 
delivered  before  the  University  of  Oxford  at  St.  Mary's, 
March  8th,  1829,  with  some  additional  Remarks  oc- 
casioned by  the  publication  of  the  Bampton  Lectures 
for  1888  and  other  recent  Works  ;  by  the  Rev.  Baden 
Powell,  M.A.  Savilian  Professor  of  Geometry  in  the 
University  of  Oxford.  8vo.  Oxford,  1838. 

4.  Instructions  for  making  and  registering  Meteorological 

Observations  in  Southern  Africa,  and  other  countries 
in  the  South  Seas,  as  also  at  Sea.  8vo. 
The  Cyclopaedia  of  Anatomy  and  Physiology ;  edited  by 
Robert  B.  Todd,  M.B.  part  1,  published  by  Sherwood 
and  Co.  8vo.  London,  1835. 

5.  Arboretum  Britannicum,  or,  the  Hardy  Trees  of  Britain, 

Native  and  Foreign,  pictorially  and  botanically  deli- 
neated, and  scientifically  and  popularly  described,  by 
J.  C.  Loudon,  No.  6,  June.   Svo.  London,  1835. 
Volcanic  Geology,  by  Professor  Daubeny,  M.D.  F.G.S, 
From  the  Encyclopaedia  Mctropolitana    4to. 


DONORS. 


T.   H.     Holdsworth,  Esq. 
F.G.S. 


The  Author. 


The  Conductor. 


The  Communicators. 
The  Author. 


The  Author. 


The  Editor. 


The  Rev.  James  Yates, 
F.G.S. 

The  South  African  Literary 
and  Philosophical  Institu- 
tion. 


The  Publishers. 


The  Conductor. 
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Jane  5.  Revue  Cntique  des  Poi«soiu  Fossiles  figures  dans  I'lttio 
iitologia  Veronese  ;  Rapport  sur  les  Poissons  Fossiles 
decouveits  en  Angleicrre :  par  M.  L.  Agassiz. 

The  Horticuhural  Heyisier  and  Geoeral  Magazine  of  all 
Useful  and  Interealitig  Discoveries  ConnecKKl  willi 
Natural  History  and  Rural  Subjects;  conducted  by 
Joseph  Paxton,  from  January  to  June  \S3j.  6to> 
Loudon,  1 835. 

The  ^lagazine  of  Natural  History  and  Journal  of  Zoo- 
logy, Itotany,  Mineralogy,  Geology  and  Meteorology ; 
conducted  by  J.  C.  Loudon,  Esq.  P.G.S,  From 
January  to  June  tS35.  8ro.  London,  lB3b. 


The  Conductor. 


II.  Donations  to  the  Collections  of  Maps,  Drawings,  fifc 


MAPS.  &e. 
.  Carte  de  I'Ue  et  De  pariemeni  de  la  Corse,  et  unc  Carte  et 
Plan  de  Constantinople  et  du  Canal  du  Boaphore.  i 

An  Impression  of  the  engraved  Portrait  of  the  Rev. 
Prof.  Sedgwick. 

.  Series  of  Charts  containing  Surveys  mostly  executed  in 
the  Indian  Seas  by  Otliccrs  in  the  East  India  Com- 
pany's Marine  Service. 
Sheet  No.  45  of  the  Ordnance  Map  in  continuation  of 

the  Trigonometiii^al  Sur\*ey  of  Great  Britain. 
Sixteen  Charts  of  part  of  the  Mediterranean,  the  Coast 
of  Portugal,  &c. 


Mar.   25.  Head  of  an  Ichthyosaurus,  painted  with  Fossil  Septa. 

jfpril  14.  Sheet  No,  63  of  the  Ordnance  Map  in  continuation  of 
the  Trigonometrical  Surrey  of  Great  Britain. 

Noc.  5.  Sheets  Nos.  53  and  57  of  the  Ordnance  Map,  in  con- 
tinuation of  the  Trigonometrical  Survey  of  Great 
Britain. 
14.  Copy  of  the  Lithographic  Plate  accompanying  M.  Julea 
dc  Chrislol's  "  Recherches  sur  les  Caracteres  des 
Grandes  Especes  de  Rhinoceros  Fossiles." 
19.  The  Ordnance  Townland  Survey  of  the  County  of 
Tyrone. 


Thomas  Phillips,  Esq.  R.A. 

The  Hon.  the  Court  of  Di- 
rectors of  the  East  India 
Company. 

The  Master -general  and 
Board  of  Ordnance. 

Cspt,  Beaufort,  R.N.  ffon. 
Mem .  G  .S. ,  by  ord  erof  the 
Lords  Commissioners  of 
the  Admiralty. 

H.  T.  De  la  Becbe,  Esq. 
F.G.S. 

The  Master-general  and 
Board  of  Ordnance. 


M.  Jules  de  Christol. 

Lieut.-Col.  Colby,  by  order 
of  His  Excellency  the 
Lord  Lieutenant  of  Its- 
land. 


Mar.    31.  An  Impression  of  a  Lithographic  Dn 
aracknoiites. 


g  of  Ciitjjmenc 


M.  F.  Wm.  Hoeninghau 
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1835.  MAPS,  &c.  DONORS. 

May    IS.  An  Outline  Map  of  the  World  on  Mercator*s  Projection, 

drawn  by  C.  Bradbury.  Mr.  Bradbury. 

19.  No.  46  of  the  Ordnance  Map  in  continuation  of  the  The     Master- general     and 

Trigonometrical  Survey  of  Great  Britain.  Board  of  Ordnance. 

21.  Ordnance  Townland  Survey  of  the  County  of  Down,  in  Lieut.-Col.  Colby,  by  order 
59  sheets.  ^^    his    Excellency    the 

Lord  Lieutenant  of  Ire- 
land. 
The  N.E.  quarter  sheet  of  the  6drd  sheet  of  the  Ordnance 
Survey,  coloured  geologically  by  H.  Still,  Esq.  em- 
ployed in  the  Ordnance  Survey.  Henry  Stili,  Esq. 

III.  Donations  to  the  Cabinet  of  Minerals. 

1838.  SPECIMENS.  donors. 

July      1.  Agate  Nodules  from  the  Magnesian  Limestone,  Mendip  The  Rev.  Prof.  Buckland, 

Hills.  D.D.  F.G.S. 

Copper  Slags  from  Swansea.  

Sept.   10.  Specimens  from  the  Mountain  Limestone  in  the  neigh- 
bourhood of  Tenby.  The  Rev.  T.  Salway. 
30.  Bones  of  the  Elephant,  Rhinoceros,  and  Ox,  from  the 

gravel,  Brockhall  Lawford.  The  Rev.  Wm.  Thornton. 

Fossils  from  the  Cliffs  at  Hastings  and  St.  Leonards,  and  Woodbine  Parish,  Jan.  Esq. 

a  Tree  from  the  Submarine  Forest  near  St.  Leonards.  F.G.S. 

Specimens  of  Endogenites  erosa  from  St.  Leonards.  Wm.   Henry  Fitton,  M.D. 

V.P.G.S. 

Specimens  from  the  Submarine  Forest  near  Hastings.  Robert  Wrench,  Esq. 

Specimens  of  Wood  perforated  by  a  Pholas.  Capt.  Belcher,  R.N.  F.G.S. 

Specimen  of  Thorit.  Prof.  Esmark,  For.  Mem. 

G.S. 

Nov.      6.  Three  Fishes  from  the  Magnesian  Limestone,  Thickley.  Wm.  P.  Cumby,  Esq. 

Specimens  of  Cyrtoceratitis  costatus  from  Gerolstein.  M.  J.  W.  Hoeninghaus. 

17.  A  series  of  specimens  from  the  North  Shore  of  the 

River  St.  Lawrence.  Capt.  Bayfield,  R.N. 

Specimens  of  Lead  Ore,  from  Gador,  South  of  Spain.  John  Willimot,  Esq.  F.G.S. 
Specimen  of  Fossil  Wood  perforated  by   Teredina  per^ 

sonata.  Henry  C.White,  Esq.F.G.S. 
Specimens  from  Vesuvius,  Calabria^  Sicily  and  Mount 

St.  Gothard,  &c.  Count  Bylandt. 
A  Specimen  of  Marble  perforated  by  Lithodomi  obtained 

from  a  Ship  sunk  in  the  Leghorn  Roads  in  the  year 

1750.  W.  Richardson,  Esq.F.G.S. 
A  specimen  of  rock  salt  from  Huamanga  between  Huan- 

cavelica  and  Cusco.  J.  M.  Maclean,  Esq. 
A  collection  of  specimens  made  in  the  crater  of  Vesu- 
vius. John  Auldjo,  Esq.  F.G.S. 
Dec.      4.  Chromate  of  Lead  from  Siberia.  Mons.  Donati. 

18.  Specimens  from  Malta.  J.  W.  Collings,  Esq. 

A  specimen  of  the  Hastings  sandstone.  Charles,  Babbage,  Esq. 


M.  VmA  fton  tlw  Plauic  Cby  near  Reading. 

8|M«iaM»  bom  the  blot  of  AlcMraz  aa  the  Wen  Coau 
of  Africa,  andftotnGibraluiaod  Keith's  Reef  between 
iiicily  aod  the  coast  of  Arrica. 
FuMtl  Flanu,  loecU  and  FUbes  from  Aix  in  Provence. 
■Sjiecimra*  of  Lignite  from  Leira. 
Mmt.   12.  SpedoMiH  ftom  France. 

Corab  from  Ajmectry. 
a,  CaatofanOpUnra;  from  the  liaa,  baoka  of  the  Serem. 
Speciment  of  planu  from  the  Greenaaod  FonnatkHi  of 

Niederibdna  near  Freyberg. 
An  Hippurite  from  Sicily. 
Additional  ■pecimena  from  the  Eifel. 
Speciment  of  the  Southatone  Roche  nearTenbury,  Wot- 
ceaterahire. 
/Ipril     9.  Specimena  from  the  Moantain  Limealone  and  Greensand 
of  England. 
Foatil  Piihea  from  Monte  Boles. 
Specimens  from  Port  Macquarie. 
Selenite  from  ihc  London  Clay  near  Heme  Bay. 
1*.  Portions  of  Scplatia  from  ihe  London  Clay  at  Brixton, 

and  Fossil  Wood  perforated  by  Teredina  personala, 
18.  Native  Iron  from  ilie  Mass  in  the  British  Museum  from 

Otumpa  in  the  Cliaco,  South  America. 
??!,  Specimens  from  the  Tertiary  Formations  of  Murcia. 
?fl.  Kpecimenii  ot  Penlamerus  oblongus. 


The  Am 

calSociet;. 
The  Rer.  T1m«.  Ei^bid, 

F.GA 
John  Rofe,  Jmt.  Eaq. 


Capt.  Belcher.  R.N.  F.G.S. 
Geo.  Befitham,  Eaq.  F.&S. 
Richard  Hol]ier,E*q.FG.S. 
R.    T.     MnrchtKMi,    Eaq- 

V.P.G.S. 
The  Rev.  T.  T.  Lewi*. 
Hathew  WTigfat,Egq J^.G.S. 

M.  Felipe  Bansa,  Jdd. 
M.  le  Comte  Dndiatel. 
LeoaardHorDer,Esq.F.G.S. 
R.    I.     Murchiaoo,    Esq- 
V.P.G.S. 


Wm.  A.  Mackinnon,  Esq. 
Capt.  H.  Smyth,  39di  Regt. 
W.Richardson,  Esq. F.G.S. 
The  Rev.  Prof.  Buckland, 

D-D.  F.G.S. 
Woodbine  Parish,  Jun.  Esq. 

F.G.S. 
Chas.  Silverlop,  Esq.  F.G.S, 
Mr.  Rees. 


lAst  of  Donations.  SS 

1334.  SPECIMENS.  donors. 

fpril  25.  Fossils  of  the  Grauwacke  Series  of  Shropshire.  W.  Williams,  Esq. 

Fossils  from  the  Ghrauwacke  of  the  neighbourhood  of 

Llandoyery.  Prof.  Miller,  F.G.S. 
A  large  specimen  of  the  polished  Limestone  found  near 

Gwinfe  in  Caermarthenshire.  The  Rev.  T.  T.  Lewis. 

fay      1.  Cast  ofa  Palatal  Bone  from  the  Chalk.  Nathaniel  Wetherell,  Esq. 

F.G.S. 
Specimens  of  Rowley  Rag,  unaltered,  decomposed  and 

fused.  John  Corrie,  M.D.  F.G.S. 

12.  Lava  from  Graham's  Island.  Capt  Stewart. 

21.  Specimens  of  Greenstone,  Porphyry  and  Sienite  from  the  R*    L     Murchison,     Esq. 
Border  Counties  of  England  and  Wales.  V.P.G.S. 

vne      1.  Specimens  from  the  Hastings  sand.  Baden  Powell,  Esq.  F.G.S. 

Specimens  from  Spain.  Capt  Cook,  R.N.  F.G.S. 

Slickensides,  from  Cornwall.  R*  Taylor,  Esq.  F.G.S.  of 

Perran,  Arworthal. 

3,  Fish  from  the  Magnesian  Limestone.  J.  W.  Colling,  Esq. 

4.  Specimens  from  the  Mines  of  Konigsberg,  Norway.  H.  C.  Strom,  Esq.  Engineer 

of  Mines. 

A  specimen  of  artificial  cupriferous  Iron  Pyrites. 

Fish  from  Monte  Bolca.  S.  P.  Pratt,  Esq.  F.G.S. 

Carbonate  of  Strontia  with  calcareous  Spar  and  Brown 

Iron  Ore,  Forest  of  Dean.  Capt.  Yorke,  R.N. 

Minerals  from  the  Trap  of  Scotland.  G.    B.     Greenough,   Esq. 

Pres.6.S. 
Corals  from  the  Shale  beds  of  the  Mountain  Limestone,     Viscount  Cole,  M.P.  F.G.S. 
County  of  Fermanagh.  and  Sir  Philip  Egerton, 

Bart.  F.G.S. 
Casts  of  the  Remains  of  Pelis  tpelcea  and  Gulo  spekeus 

from  Gailenreuth.  

Magnetic  Iron  Ore  from  Sierra  Leone.  David  Mushet,  Esq.  H.M. 

G.S. 
21.  Specimens  from  Tampico.  Thos.  Weaver,  Esq.  F.G.S. 

Specimens  taken  from  the  crater  of  the  Water  Volcano 

near  Guatemala.  Col.  Galindo. 

Uy      3.  A  Fossil  Crab  from  India  {Gonoplax  LairetUu).  The  Right  Hon.  the  Earl 

of  Cawdor,  F.G.S. 
7.  Fossils  from  the  neighbourhood  of  St.  Ives.  J.R.WrightjEsq.  F.G.S.  and 

H.   Machlauchlan,    Esq. 

F.G.S. 

20.  Specimens  from  the  London  Clay  at  Hornsey.  N.T.Wetherell,  Esq.  F.G.S. 

ug,   14.  Specimens  from  the  Channel  Islands.  W.C.Trevelyan,  Esq. F.G.S. 

Cast  of  a  claw-bone  of  a  Crocodile,  and  of  an  Iguanodon 

from  Tilgate  Forest.  Gideon  Mantell,Esq. F.G.S. 

ov.      5.  Cast  ofa  Palatal  Tooth  from  the  Chalk  of  DorseUhire.        The  Rev.  Prof.  Buckland, 

D.D.  F.G.S. 

12.  Specimens  from  the  Loam  of  Muswell  Hill ;  and  addi- 

tional specimens  from  a  well  at  Horasey.  N.T.Wetherell,Esq.  F.G.S. 

13.  Remainsof  i^n<AracofAerttii7iFe^untim,MyoxusandCro-      M.     Bertrand    de     Doue, 

codile  from  Puy  en  Velay.  For.  Mem.  G.S. 


specimens  from  tin  Bi^  Beml  on  the  Missouri. 
Tertiary  Shells  ftuin  the  United  Slates. 

9  from  tin-  Adcient  Beach  at  Hope's  Nose  near 
Batibaeoinbe  and  from  tlie  Waicoinb  Fault,  Devon- 

S.  Specimens  from  Chins. 

.Specimens  of  Grnniie  traversed  by  veins,  from  Dartmoor. 
Vegetable  Remains  from  the  Anthracite  of  North  De- 
Specimens  from  Australia. 

*,  Anthracite  from  the  Lehigh  Coal  Mine,  Pennsylvania. 
Palatal  Tooth  of  a  Fish  from  the  Chalk. 
Fossils  from  the  Greensand  near  Lvme. 


Mippuriic  from  Unlersberg. 

Cast  of  a  ^f  olar  Tooth  of  Matlodon  angutlident  from 
the  Crag,  Suffolk. 
18.  Shells  from  the  Loam  and  Gravel  near  Cropthorne,  Wor- 
cestershire. 

S3,  Fossils  from  the  neighbourhood  of  llfracombe. 
Specimens  from  the  Coal  of  the  South  of  Ireland. 
1835. 
fan.    31.  Fossils  from  the  Calcaire  Grossiere  of  FraDce. 

Casts  from  Flambro'  Head  of  Spongeoua  Zoophites. 
Shells  and  Bones  of  Mammalia  from  Stutton,  Suffolk,  and 

a  Specimen  of  the  Calcareous  Nodules  accompanying 

the  Shells. 
Specimens  of  Lias  fVom  Cloverly  and  of  the  New  Red 

Sandstone  Series  of  Shropshire. 
"'eb.       8.  Porcelain  Jasper  from  the  Junction  of  the  Sandstone  and 

Trap  Rock  of  Stirling  Castle. 
Flexible  Magnesian  Limestone  from  Sunderland,  and 

Fossils  from  the  Lower  Greensand,  Kent. 
A  Specimenof  Franklinitt;  from  New  Jersey,  and  of  Shelly 

Ironstone  from  Lake  Miillor  between  Hamburgh  and 

Fossils  from  the  Grcensand,  Blackdown. 


I,  Casts  ofbonesof  the  Megfdonyx  laqxieatus  trom  Big-bone 
Cave  i 


L«onardS.Coxe,Esq.F.G.S. 
Woodbine  Parish,  Jun.  Esq. 

F.G.S. 
Henry  D.Rogera,  Esq.  F.G.S. 


Robert    A.    Austen,    Esq. 

F.G.S. 
John  R.  Reeves,  Esq. 
J.  H.  Deacon,  Esq.  F.G.S. 
Henry  T.  De  la  Beche,  Esq. 

F.G.S, 
A.  Cunningham,  Esq, 
F.  Lambert,  Esq. 
John  Dickinson,  Esq.  F.G.S. 
Cole,  M.P.  F.G.S. 

and  Sir  Philip   Egerian, 

Bart.  F.G.S. 
R.     I.     Murchison,     Esq. 

V.P.G.S. 
Hugh  E.  Strickland.  Esq. 

F.G.S. 


Col,  Harding. 

Thomas  Weaver,  Esq.F.G.S. 

J.     Prestwich,    Jun.    Esq. 

F.G.S. 
—  Leigh,  Esq. 


Edvrard  Charlesworth,  Esq. 
R.     L      Mure  bison,     Esq. 
V.P.G.S. 

Richard  Knight,  Esq.  F.G.S. 

John  Willimott,  Esq.  F.G.S. 


ViscountCole,  M.P.  F.G.^ 
and  Sir  Philip  Egerion. 
Bart.  M.P.  F.G.S. 

Richard  Harlan,  M.D. 
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1835.                              SPECDfENS.  donors. 

If  or.     1.  Spedmens  fhnn  the  Sflverdale  Minesy  StaflTordahire.  Sir  Philip  Egerton,   Bart. 

M.P.  F.6.S. 
tpril         Shells  of  existing  species  from  the  Newer  Pliocene  De- 
posits in  the  Baltic.  Charles  LyeD,  Esq.  P.G.S. 
Specimens  from  the  Isle  of  Portland.  W.  H.  Fitton,  M.D.  F.6.S. 
29.  Specimens  from  Chili,  Peru  and  the  Island  of  Juan  Fer* 

nandes.  H.  Cuming,  Esq. 

Specimens  of  British  and  Foreign  Minerals.  T.    H.    Holdsworth,   Esq. 

F.G.S. 
Specimens  from  the  Island  of  Ascension,  the  Mauritius, 

&c  The  Rev.  W.  P.  Hennah. 

fay           Specimens  from  the  Pennant  Grit  and  Dolomitic  Conglo-  George  Cumberland,  Esq. 

merate  near  Bristol.  Hon.  Mem.  G.S. 

Silicified  Wood  from  the  Portland  Stone  at  Chicksgrove,'  Miss   Benett,    of    Norton 

Wats.  House. 

A  Stalactite  from  Ingleborough  Cave,  Yorkshire.  Woodbine  Parish,  Jun.  Esq. 

F.G.S. 
14.  A  specimen  of  Shale  with  impressions  of  Fern  Leaves  M.    John    B.    Batka,    of 
from  the  Grit  Formation  near  Wodwowitz,  Prussia.  Prague. 
A  Fish  from  the  Purbeck  beds,  in  the  Vale  of  Wardour.  Miss  Benett. 
Minerals  and  Rock  Specimens  from  Norway.  M.  H.  C.  Strom. 
Casts  of  an  Occipital  Bone,  and  the  anterior  Cervical  Ver- 
tebrae of  the  Ichthyosaurus  lately  found  near  Lyme  H.  Warburton,  Esq.  M.P. 
Regis.  F.G.S. 
^une    10.  Specimens  from  the  Mountain  Limestone  near  Frome.  Miss  Benett. 
Specimens  of  Fossils  from  the  Coal  Strata  near  Keighley, 

in  Yorkshire.  The  Rev.  Theodore  Dury. 

Specimens  from  the  Diluvium  at  Lawfurd.  The  Rev.  Wm.  Thornton, 

F.G.S. 

Specimens  of  Spirolinites  in  Chalk  Flints  from  Stoke,  The  Marquis  of  Northamp- 

near  Chichester.  ton,  F.G.S. 

A  set  of  Teeth  of  the  Gangetic  Crocodile.  N.  T.  Wetherdl,  Esq.F.G.S. 

Specimens  from  the  Arigna  Mines.  John  Rofe,  Jun.  Esq.  F.G.S. 

Specimen  of  a  Trilobite  from  Dudley.  Rofe,  Esq. 


IV.  Miscellaneous. 

1883.                       MISCELLANEOUS.  dokors. 

4ug.          Glass  Models  to  promote  the  study  of  Crystallography.  M.  J.  B.  Batka. 

A  Medal  of  Berzelius  in  Selenium.  

1834. 

Feb.       5.  A  Silver  and  a  Bronze  Medal  of  Count  Casparus  Stem-  Count  Sternberg, For.  Mem, 

berg.  G.S. 

tune      4.  Specimens  of  Iron  Tubes  from  a  Steam  Boiler,  Cornwall.  JohnTay]or,Esq.Treas.G.S. 

Dec.      6.  Deposits  on  thfe  vertical  walls  of  the  Boiler  of  a  Steam-  Charles  Lyell,  Esq.  For.  Sec. 

boat.  G.S. 
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EXPLANATION     OF    THE     PLATES. 


Plates  L,  II.  &  III. 

llustrate  Dr.  Buckland  and  Mr.  De  la  Beche's  paper  on  the  Geology  of  the  neighbour- 
hood of  Weymouth  and  the  adjacent  parts  of  the  coast  of  Dorset. 

Plate  I. 

jeological  Map  of  the  neighbourhood  of  Weymouth  and  the  adjacent  parts  of  the  coast 
of  Dorset. 

The  reader  is  requested  to  take  notice  that  the  authors  do  not  profess  to  mark  the 
Kact  limits  of  the  lower  Purbeck  Beds  in  Portland,  but  merely  to  indicate  their  presence 
s  the  uppermost  formation  in  the  north  end  of  that  island. 

Plate  II. 

Series  of  Sections. — Colours  the  same  as  in  the  Map. 

ig.  1.  Section  from  the  Great  fault  near  Upway  to  the  Bill  of  Portland*. 

ig.  2.  Section  from  the  Great  fault  near  Moigne's  Down  Farm  to  Ringstead  Bay. 

Ig.  3.  Section  from  the  Great  fault  near  Poxwell  to  the  signal  station  near  Osmington 
Mills. 

Ig.  4.  Section  from  the  Great  fault  near  Sutton  to  the  Sea  at  Ham  Cliff. 

g.  5.  Section  from  the  Great  fault  near  Sutton  to  Jordon  Hill  in  Weymouth  Bay. 

g.  6.  Section  from  Abbotsbury  Common  over  Linton  Hill. 

g.  7.  Section  from  Abbotsbury  Castle  to  Abbotsbury  Swanery,  showing  the  continua- 
tion  of  the  Great  fault. 

g,  8.  Coast  section  from  Jordon  Hill  to  near  Boat  Cove.  The  apparent  curvature  in 
the  Oxford  Clay  and  other  strata  at  the  east  end  of  this  section  arises  from  an  inden- 
tation of  the  coast :  the  strata  have  an  E.  and  W.  direction  throughout,  and  dip 
rapidly  N.,  and  have  not  the  bend  here  represented,  by  throwing  the  curves  of  the 
coast  into  a  straight  line. 

y.  9.  Coast  section  from  near  the  termination  of  fig.  8  to  Ringstead  Bay.  As  the  coast 
ranges  along  the  line  of  direction  of  the  strata,  its  indentations  give  these  strata  a  false 
appearance  of  dipping  in  different  directions :  they  form  a  small  arch  at  Osmington 
Mills. 

'  The  Scale  (in  length)  of  fig.  I.  is  one  inch  to  the  mile;  of  fig.  2.  to  10.  inclusive,  two  inches  to 
mile:  figs.  1 1.  to  13.  inclusive  are  on  a  larger  scale,  and  fig.  14.  two  inches  to  the  mile. 


EXPLANATION  OF  THE  PLATES. 

Fig.  10.  Coast  section  near  White  Nore. 

Fig.  II.  Fault  in  the  Cliffs,  a  little  W.  of  White  Nore. 

Fig.  12.  Theoretical  diagram  representing  the  manner  in  which  difFerent  rocks  may  be  seen 
in  contact,  in  consequence  of  various  degrees  of  denudation,  on  the  same  fault.  Il- 
lustrations of  this  may  be  found  in  Sutton  Valley ; — where  there  is  little  or  no  denu- 
dation, the  Portland  Stone  and  Chalk  are  in  contact  at  tlie  surface ;  where  a  denuda- 
tion  occurs  to  the  depth  of  the  curved  line  a  a,  the  Portland  Stone  and  Green  Sand 
are  in  contact,  on  opposites  sides  of  the  fault ;  at  the  depth  b  b,  the  Portland  Saod 
and  green  sand  touch  each  other;  and  at  the  depth  c  c,  the  Kimmeridge  clay  touche 
green  sand. 

Fig.  1 3.  Fault  in  the  cliff  west  of  Bridport  Harbour. 

Fig.  13  a.  Eastern  termination  of  the  Bridport  Harbour  fault. 

f(^.  1.4.  Section  from  the  cliff  west  of  Bridport  Harbour  to  Ahkerswell. 

Plate  III. 
Fig.  J.  Tabular  and  proportional  view  of  the  strata  in  the  Weymoutli  district. 

a.  Angular  flints  and  plastic  ctay. 

b.  Chalk. 

c.  Chalk  interspersed  with  grains  of  green  earth  (Craie  chloritee). 

d.  Indurated  green  sand,  with  quartz  grains  and  quartzose  sandstone. 

e.  Greenish  brown  sands  with  indurated  concretions. 

f.  Light  brown  sands.     Fox  OQould. 

g.  Green  sandy  marl  beds,  with  nodules  similar  to  the  cow-stone  at  Lyme  Regis. 
k.  Purbeck  beds. 

1.  Dirt  bed,  above  the  Portland  beds,  frequently  contains  rolled  calcareous 
pebbles,  and  fossil  silidfied  trunks  of  large  coniferous  trees,  and  of  Cyca- 
deoideae. 

k.  Best  beds  of  the  Portland  Stone. 

L  Compact  light-coloured  limestone,  with  beds,  seams,  and  nodules  of  chert 
m.  Grey  shelly  beds,  the  base  of  the  Portland  Stone. 

n.  Green,  brown,  and  grey  sands  and  sandstones. 

o.  Brown  and  grey  sandy  marls,  with  indurated  nodules. 

p.  Kimmeridge  clay,  contains  an  abundance  of  deltoid  oysters. 

q.  Clay  ironstone  in  the  lower  part  of  the  Kimmeridge  clay. 

r.  Upper  grit  beds,  ctHitaintng  deltoid  oysters :  these  beds  are  most  fully  deve- 
loped near  Sandfoot  Castle. 

s.  Oolite  differently  developed  in  different  places. 

t.  Brown  sands,  containing  indurated  nodules  of  calcareous  sandstone. 

u.  Grey  clay. 

V.  Larger  deposit  of  calcareous  grit,  containing  Gryphaa  dilatala. 
V>.  Oxford  clay,  grey  marl,  abounding  in  Giyphaa  dilatata. 

X.  Rubbly  and  slaty  Cornbrash  limestones,  alternating  with  clays  and  marls, 
y.  Slaty  and  shelly  grey  and  brown  limestones,  containing  Apiocrinites  rolundm, 
lignite,  broken  shells,  &c. 


EXPLANATION  OP  THE  PLATES. 

z.  Grey  marl^  with  marlstone  in  its  lowest  region. 
a  a.  Coarse  granular  limestone,  loaded  with  grains  and  veins  of  hydrate  of  iron. 
b  &  Light  brown  and  yellow  calcareo-siliceous  sands  and  sandstones,  often  highly 
micaceous. 
Fig.  2.  Section  showing  details  of  the  Oxford  oolite  near  the  east  extremity  of  Weymouth 

Bay. 
Fig,  3.    Detailed  section  of  the  strata  that  occur  in  the  Isle  of  Portland. 


Note* — Since  the  paper  was  printed  to  which  these  sections  refer,  a  notice  has  appeared  in 
the  London  and  Edinburgh  Philosophical  Magazine,  August  1,  1833,  p.  158,  by  Mr.  R.  Pbillipsy 
containing  a  minute  analysis  of  the  water  of  two  sulphureous  springs  of  similar  quality  near  Wey- 
mouth, both  of  which  issue  from  near  the  junction  of  the  lower  beds  of  the  Oxford  clay  with  the 
combrash  or  upper  beds  of  the  Forest  Marble  Formation.  One  is  situated  at  Nottington,  about 
three  miles  on  the  North  of  Weymouth,  and  was  described  by  Dr.  Pickford  in  a  smaU  treatise 
printed  at  Weymouth  in  1821.  The  other  rises  at  Radipole,  about  one  mile  from  Weymouth,  and 
was  discovered  but  a  short  time  ago.  The  most  important  of  the  ingredients  of  these  mineral 
waters  is  sulphuretted  hydrogen,  which  is  derived  from  the  passage  of  the  water  through  strata 
that  contain  iron  pyrites  in  a  state  of  decomposition.  Mr.  Phillips  remarks  that  *'  the  saline  con- 
tents of  these  waters  are  so  small  in  quantity,  that  they  must  be  considered  as  quite  inert,  and 
therefore  those  who  wish  to  avail  themselves  merely  of  the  sulphuretted  hydrogen,  may  take  them 
in  larger  quantity  than  if  they  were  active  in  other  respects. 


Plates  IV.  &  V. 

Illustrate  Professor  Sedgwick's  paper  introductory  to  the  General  Structure  of  the  Cum- 
brian Mountains,  with  a  description  of  the  great  dislocations  by  which  they  have 
been  separated  from  the  neighbouring  carboniferous  chains :  p.  47. 

Plate  IV. 

Map  exhibiting  the  geological  structure  of  the  district,  and  the  range  of  the  band  of  lime- 
stone and  calcareous  slate  between  the  quartzose  green  slate  and  the  greywack^  slate. 

Plate  V. 

Sections  exhibiting  some  of  the  great  dislocations  produced  by  the  elevation  of  the 
northern  carboniferous  chain :  p.  59. 


Plate  VI. 

Illustrates  Professor  Sedgwick's  paper  on  a  Series  of  longitudinal  and  transverse  sections 
through  a  portion  of  the  carboniferous  chain  between  Penigent  and  Kirkby 
Stephen:  p. 69. 


EXPLANATION  OF  THE  PLATES. 

Plates  VII.  to  XXIII. 

Illustrate  Dr.  Fitton's  paper  "On  some  of  the  strata  between  the  Chalk  and  the  Oxford 
"  Oolite,  in  the  South-east  of  England  " :  p.  103,  to  378. 

Plate  VII. 

Contains  small  portions  of  the  Maps  of  Kent,  Surrei/,  and  Wiltshire,  reduced  to  half 

the  scale  of  the  Ordnance  Survey. 
Fig.l,  PanoftheCoastqfKeni:  p.  105— 119. 
Fig.S.  Part  of  Surrty:  p.  137— 142. 
Fig.  3.  The  VaU  of  fVardour,  South  "Wiltshire :  p.  245—25*. 

Plate  VIII. 
A  Sketch  of  part  of  the  Coast  of  Kent,  from  Hi/the  to  Folkstone  Hill;  redoced  from  a 
drawing  by  the  Rev.  J.  D.  Glennie :  p.  108— 127. 

Plate  IX. 

M^  of  part  of  the  South  East  of  England,  and  of  the  opposite  Coast  of  France,  on  the 
same  scale  with  Mr.  Gardner's  reduced  Geological  Map  of  England;  about  18 
miles  to  an  inch.  The  space  occupied  by  strata  above  the  chalk  is  taken  from  Mr. 
Greenough's  Map.  The  divisions  below  the  chalk  are  inserted  from  the  inibnnatioa 
stated  in  the  present  paper,  and  will  be  given  on  a  larger  scale  in  the  new  edition  of 
Mr.  Greenough's  Geologiad  Map.  The  continuous  red  lines,  numbered  1.  to  25, 
refer  to  the  sections  described  in  this  paper,  and  represented  m  Plate  X.  a.  The 
dotted  lines  adjacent  to  Nos.  15.  and  16.  represent  the  course  of  Mr.  Lonsdale's 
sections,  (Geol.  Trans.  2nd  Series,  vol.  iii,  pi.  32.) ;  and  those  adjoining  Nos.  18 
and  21,  are  traasverse  sections  in  Oxfordshire  and  Bucks.  The  blue  lines  denote 
some  of  the  anticlinal  lines ;  those  in  die  vicinity  of  Bristol  are  from  Messrs.  Buck- 
land  and  Conybeare's  map,  (Geol.  Trans.  Snd  Series,  vol.  i.  pi.  38.] ;  the  rest  from 
the  statements  of  the  present  paper. 

On  the  French  coast,  &om  Calus  to  Treport,  the  colours  ore  inserted  from  the  numoscnpt 
notes  of  the  author :  In  the  Pays  de  Bray,  and  thence  to  the  mouth  of  the  Seine  and 
coast  of  Normandy,  they  are  token  prindpally  from  M.  Passy's  map  of  the  Deport- 
ment of  the  Lower  Seine,  with  some  additions  by  Mr.  De  la  Becbe :  thence  to 
Cherbonrg,  from  the  maps  annexed  to  the  papers  of  M.  Desnoyers  and  M.  Coo- 
stant  Prevost,  in  the  JnnaUi  da  Sciences  Naturelles,  tome  iv.  1825 ;  and  of  the 
former,  in  the  M^moires  de  la  Sociiti  d^Histoire  NatureUe  de  Paris,  tome  ii.  1825. 

The  depths  of  water  in  the  English  Channel  ore  taken  from  the  Admiral^  Chart.  The 
lines  under  the  figures  were  intended  to  represent  the  form  of  the  bottom;  but  the 
depths  are  so  enormously  exaggerated,  that  without  explanation  they  would  convey 
a  very  erroneous  impression.  Mr.  De  la  Becbe's  section  of  the  channel  between 
Portland  and  Cape  La  Hogue*,  on  the  true  relative  scale  of  depths  and  horizontal 
distance,  and  more  than  five  times  as  long  as  in  thb  map,  is  scarcely  different  from 
an  uniform  line  ruled  with  a  common  pen. 

•  "  Sections  and  Views,"  &c.  4to,  1830.    Plate  II.  fig.  2. 


EXPLANATION  OP  THE  PLATES. 

Plate  X.  a. 

Contains  a  series  of  sections^  at  right  angles  to  the  range  of  the  chalk,  on  the  lines 
marked  in  the  map,  PL  IX.,  Nos.  1.  to  25.  The  series  begins  on  the  coast  north  of 
Folkstone,  and  follows  the  outcrop  of  the  chalk,  round  the  Weald  denudation  of  Kent 
and  Surrey,  &c« ;  thence  along  the  coast,  to  Devonshire ;  and  in  the  interior,  from 
the  Blackdown  Hills  to  Norfolk.  These  sections  are  all  drawn  to  the  scale  of  the 
Ordnance  maps,  one  inch  to  a  mile.  The  heights  are  of  necessity  much  exaggerated ; 
but  additional  lines  are  given  below  Nos.  6.  and  7*  in  the  true  proportion  of  height 
and  distance. 

No.  1.  Section  from  FoUcstone  Hill  to  Copt  Pointy  Kent :  p.  104<.— (See  the  Map,  PI.  VII. 
fig.  1. ;   and  Sectional  Sketch;  PI.  X.  b.  fig.  1.). 

No. 2.  Through  TUbunUfm Hill  and  Godstone^  Surrey:  p.  1S7.— (See  the  Map^  PI.  VIL 
fig.  2.) 

No. 3.  Through  Nuffield  and  Merstham^  Surrey:  p.  137— 141.— (See  the  Map,  PI.  VIL 
fig.  2.) 

No.  4.  From  Hindheadj  Surrey,  through  Tmlcsbwry  Hillj  near  Famham :  p.  144 — 149. 

No.  5.  Section  across  the  Wealds,  from  the  South  Downs  at  Duncton-Beacon,  through 
Floxham  Park,  Piaistow,  and  Aldfold,  to  the  North  Downs  at  Netley  Heath; 
principally  from  Mr.  Martin's  MSS.:  p.  155 — 160. 

No.  6.  The  Coast  of  Sussex  and  Kent,  from  Beachy  Head  to  Folkstone  fliV/;— part  of 
which  is  given  in  greater  detail  in  PL  X.  b.  fig.  3.  The  lower  line  of  this  figure  re- 
presents the  difis  on  the  true  relative  scale  of  height  and  horizontal  extent:  p.  161 
—164. 

No.  7.  Part  of  the  South  Coast  of  the  Isle  of  Wight ;  from  Aflon^Donon  to  Rocken-End, 
and  fix>m  Dunnose  to  Bembridge  Down: — (See  also  the  transverse  Section  PI.  X.  b. 
fig.  4.).  In  the  lower  line  of  this  figure,  the  heights  are  in*  the  true  proportion  to 
the  horizontal  distances. — p.  182 — 202. 

No.  8.  From  Durlstone  Headj  through  Saoanage,  to  Ballard  Down,  Dorsetshire:  p.  206 
—215. 

No.  9.  From  Broadbench,  in  Kimmeridge  Bay,  Isle  of  Purbeck,  to  the  Chalk-hills:  p.  206 
—215.— (See  PI.  X.  b.figs.  5.  and  6.). 

No.  10.  Section  at  Lulworth  Cove,  Dorsetshire:  p.  215—216. — (See  PI.  X. b.  fig.  7.) 

No.  10'.  Section  at  Man  of  War  Cove,  west  of  Lulworth,  Dorsetshire:  p.  215 — 217. — 
(See  PL  X.  b.  fig.  8.) 

No.  11.  Coast  near  Bere,  Devonshire :  p.  234. — (See  PI.  X.  b.  fig.  9.). 

No.  12.  Blackdown  Hill,  Devonshire :  p.  238. 

No.  13.  Sections  of  the  Vale  of  Wardour,  in  South  Wiltshire:  p. 245— 255.— (See  the 
Map,  PL  VII.  fig.  3.). 

on  the  anticlinal  line^  A.  B. 

on  the  transverse  line,  C.  D* 

on  the  transverse  line,  E.  F. 
on  the  transverse  line,  G*  H. 

No.U.  Vale  of  Warminster,  South  Wilts:  p.257t 


EXPLANATION  OF  THE  PLATES. 

No.  15.  Poulshol'Green  to  ElchiViampton  Down,  North  Wilts ;  drawn  by  Mr,  Lonsdale: 

p.  261,  262. 
No.l6.  Sandridge  Hill  to  Beacon-Ikmn  Hill,  tionhWiXls;  Mr.  Lonsdale:  p.  262— 266. 
[The  dotted  red  lines  adjacent  to  Nos.  15.  and  16.  in  the  map  PI.  IX-  denote  the 
course  of  the  Sections  connected  with  Mr.  Lonsdale's  Paper  in  the  Geol.  Trans, 
2nd  Series,  Vol.  iii.;  PI.  32,  figs.  1,  ♦,  and  6.] 
No.  17-  Swindon  to  Liddington  Castle  Hill,  North  Wilts:  p.  264 — 266. 
No.  18.  Orford,  through  Shotover  Hill,  and  Great  Hazeley,  to  the  chalk  range,  south. 
west  of  Stokenchurch  Hill :  p.  270—274. 

The  flap,  No.  IS'.,  gives  the  secti&n,  on  a  line  nearly  parallel  to  No.  IS.,  along  tlie 
tnmn  road  ironi  Oxford  to  London,  through  fV/iealley  and  Telsworth :  p.  271— 
279.— (See  the  transverse  section  PI.  X.  b.  fig.  10.) 
No.  19.  From  Blackthom-Hill,  in  Oxfordshire,  through  Muswell-Hill,  Brill,  and  Thorn, 

to  the  chalk  near  Biedlow  ridge :  p.  270—279. 
No.  20.  From  the  north-west  of  JVTiitchurch,  through  Aylesbury,  fiucks,  to   Wendovir 

Hill,  Berkshire :  p.  270— 284..— (See  the  transverse  section,  PI.  X.  b.  fig.  11.) 
No. 21.  Through  Wobum,  Hockliffe,  and  Dunstable,  Bedfordshire:  p. 270— 293. 

The  flap,  No.21'.,  is  the  Section  from  Fenny  Htralford,  through  Little  Brick-Hill, 
to  Hockliffe:  p.  270— 293. 
^0.22.  From    Caxton   Gibbet,    Huntingdonshire,    through    Cambridge,    to    Balikan: 

p.  305—308. 
No.  23.  Haddenham,  through  Denny  Abbey,  to  Bollisham,  Cambridgeshire :  p.  306. 
No,  21.  Through  Vpware  on  the  Cam,  to  Swaffham  Prior,  Cambridgeshire :  p.  305. 
No.  25.  Through  Lynn,  to  Swaffham,  West  Norfolk ;   by  Mr.  C.  B.  Rose :  p.  310—312. 
J?b.26.  Hunstanton  Cliff,  Norfolk:  p.  310— 313.     (See  Plate  X.b.  fig.  12,  a.  i.  andc.) 

Plate.  X.  b.* 
This  Plate  contains  miscellaneous  Views  and  Sections,  on  different  scales,  UlustratiDg  the 

country  represented  in  some  of  the  sectiims  of  PI.  X.  a. 
lig.  1.  A  sketch  of  part  of  the  Cxut  Tuar  FoUatone,  not  visible  in  the  direct  line  fix>m  the 
sea:  p.  106— 108.     Reduced  from  a  drawing  by  the  Rev.  C.  D.  Glennie. — (See 
PlateX.  a.  No.l. 
f^,  S.  Section  on  the  west  of  Pulborough,  in  Western  Sussezj  showing  the  subdivisions 

of  the  Lower  Greensand:  Mr.  Martin's  MSS.:  p.  155. 
Fig.  S,  Enlarged  Section,  on  the  same  scale  of  hei^t  and  distance,  of  part  of  the  coast 

near  Hastings  and  St.  Leonards,  Sussex:  p.  164.— (See  PI.  X.a.  No.  6-). 
Fig,  4.  Transverse  Section,  from  Brook  Point  to  Shalcomb  Down,  Isle  of  Wight :  p.  200. 

—{See  PI.  X.  a.  No.  7.) 
^■^.5.  Enlarged  Section  at  £mmrf's  Hi//,  Isle  of  Purbeck:  p.  211.— (See  PI.  X.a.  No.8.) 
Fig.  6.  Ideal  Section,  from  St.  Alban's  Head  to  fVorbarrow  knob,  in  the  Isle  of  Purbeck: 

page2n,  212.- (SeePl.X.a.  No. 9.) 

•  This  Plate  ia  aubsidiary  to  Plate  X,  a. ;  but  is  placed  before  it  in  binding,  that  both  may  fold 
out  and  be  consulted  at  the  same  time. 


EXPLANATION  OF  THE  PLATES. 


Fig.  7.  East  side  ofLutworth  Caoe^  Dorsetshire:  p. 216. — (See  PL  X.  a.  No.  10.) 

Tig.  8.  Plan  otDurdle^  and  Man^qf-War  Coves^  and  Section  of  the  latter :  p.  215—217. 

(SeePLX.a.No.l(/.) 
jPi^.  9.  Enlarged  Section  of  part  of  the  coast  of  Devonshire,  from  Seatan  to  Bransccmb 

Mouth:  p. 234.— (See  Plate  X.  a.  N.  11.) 
Fig.  10.  Transverse  Section  through  Garsingtan  and  Wheattey^  in  Oxfordshire:  p.  273. 

— (See  PI.  X.  a.  No.  18'.) 
Fig.  11.  Transverse  Section  through  Quainton  and  Whitchurch^  Bucks:  p.  271.^ — (See 

PI.  X.  a.  No.  20.) 
Fig.  12.  a.i.and  c.  Hunstanton  Cliffy  Norfolk.  • 

Fig4 12.  a.  Map  of  part  of  the  north-west  Coast  of  Norfolk  \  from  the  Ordnance 

Survey,  and  on  the  same  scale, — one  inch  to  the  mile:  p.  310 — 313* 
Fig.\2.b.  Enlarged  &{;/f on  of  Hunstanton  Cliffy  by  Mr.  Murchison :  p.  310. — 

(See  Plate  X.  a.  No.  26.) 
Fig.  12.  c.  View  of  Hunstanton  Cliffy  from  the  point  •  of  the  preceding  figure; 
from  a  sketch  by  the  Rev.  W.  Whewell :  p.  310. 
Fig.  13.  Abstract  Section,  represendng  the  whole  series  of  strata  illustrated  in  Plates 
X.  a.  and  X.  b. :  p.  318,  &c. 

Plates  XI  to  XXIII. 

These  Plates  contain  figures  of  the  new  and  more  remarkable  fossils,  obtained  from  the 
tract  described  in  Dr.  Fitton's  paper.  The  details  are  explained  in  Mr.  Sowerby*s 
descriptive  notes;  Appendix  A. — ^p.  335 — 34<8. 

Plate  Xl.f 


P08SIL8  OP  THE  UPPER  OREEN-8AMD  AMD  OAULT. 


CHALK  MARL. 

Fig.  1.  Tomateila  elongata. 

UPPER  OREEN-SAIfD. 

2.  ZifctfMi?  globosa. 

3.  Avicula  grypheeoides. 

OAULT. 

4.  Pentaerinites, 

5.  PoUieipea  \esviB. 
5*.  ■  unguis. 


Fig.  6.  PolUeipei  radiatus.   (Low- 
er green-sand,  p.  130.) 
6\  rigidus. 

7.  Venutt  tenera. 
7*,Fenerieardia  tenuicosta. 

8.  Nucula  bivirgata. 

9.  Modiola  bella. 

10.  Lima  semisulcata, 

1 1 .  Auricula  inflata. 

12.  iVa^Jca  canaliculata. 

13.  Solarium  omatum. 


Fig.  14.  Solarium  concHdeum. 

15.  PyniZa  Smithii. 

16.  Bostellaria  elongata. 
17#  buccindides. 
18. marginata. 

19.  — — carinata. 

20.  Ammonites  circulaiis, 

21.  —  symmetricus. 

22.  ■  crenatus. 

23.  ■  cristatui. 


Fig.  1,  2.  Hamites  rotundut. 


Fig.  1.  £cAtftiM?  arenosus. 
2.  Panopcea  rotundata. 


Plate  XII. 

FOSSILS  OF  THE  OAULT  (cOfl/tfltMlQ. 

I  Fig.  3.  Hamites  attenuatus.  |  Fig.  4.  HamiUs  spiniger. 

Plate  XIII. 

FOSSILS  OP  THE  LOWER  OREEN-SAMD. 

I  Fig.  3.  Trigoma  spinosa  (var.).       I  Fig.  4.  Dieerat  Lonsdalii. 


t  In  the  following  lists  of  names,  the  new  species  are  in  Roman  characters ;  those  previously  figured,  in 
Italics. 


g.  I.  Cyprino  TOslrata. 
S.  FMMftr 


Fig.  8,  jlrca  rotundata, 
9.  Jifaetiia  hnemt^ 

10.  —  apicnlata. 

11.  obtOM. 

12.  Trigoma  qnadnla. 

13.  Modioh  TereTMk 

14.  ifytifat  trideui. 

Plate  XVIII. 


roMiL*  or  THE  ouni-iAMD  or  ■lackpovh, 


.  i  cariaata. 

.  TornaUUa  afiinu. 


\,  {ronlinued). 

ig.  15.  Mylilat  praclongui. 
ifl.  tDsqiuTilni. 

17.  Penia  roKtatA. 

18.  Avicuia  BnomalB, 

19.  Peeten  Millerii. 


Rg.lO. 

11.  Jeolona  pnlchn. 

12.  Lilorimi  mdlu. 
"'         tUa  pOfQls. 


20,  Pymia  dtpreua. 
~  BrightiL 


25.  Naua  Uneata. 

26.  costelkt*. 

27.  Ammonita  trUerialis. 


External  forms  of  Endogeniles  erosat  the  details  are  explained  at  p.  173 — 175. 

i  In  tbeTaUeatp.  355,  C^tAcr«a  nibrotimda  u  erroneouily  referred  to  Plate  XXII.  fig.  2. 


EXPLANATION  OF  THE  PLATE& 


Plate  XX. 

FOUILS  OP  THE  WfiALDEN  (cOflttlltftfd). 

lustrates  the  internal  structare  otEndogemies  erosa ;  the  details  are  given  at  pp.  1 75, 1 76. 

Plate  XXL 


Ig.  1.  Cyprii  Valdenais. 

2.  — »   tuberculata. 

3.  gpinigera. 

4. ' »—   granulosa. 

5.  Corbuia  alata. 

6.  P«aOT»oftsa  teUinoides. 


FOSSILS  OP  THE  WBALDBN  {eOlUmued)^ 

Fig.  7.  Cye^parva. 

8. subquadrata. 

9. eloD^ata. 

10.  wtedta, 

11.  ,  (var.) 

12.  —   angulata. 

Plate  XXII. 


Fig.  13.  Cfteiat  major. 

14.  iffifo  Manteim. 

15.  -^—  subtnmcatus. 

16.  Gualterii. 

17.  Martinii. 

18.  MfftUui  Lyellii. 


FOSSILS  OP  THE  WEALDEN  AND  PORTLAND-STONE. 


WEALDEN. 


ig.  1.  fixogyra  BuIUu 

2.  Ostrea  distorta. 

3.  Bulla  Mantelliana. 

4.  Melanoptisl  tricarinata. 

5.  attenuata. 


Fig.  6.  Pahtdina  Sussexiensis. 

7.  Neritma  FitUmH. 

8.  Tomaiella  Fmu. 

9.  A  Cone  from  toe  Isle  of  Pur- 

beck;  (p.  349.) 
10.  A  Come  from  Sussex;  (p« 
349.) 

Plate  XXIII. 


Fig.  11.  An  unknown  body  from 
Quainton;  (p.  349.) 

PORTLAND-STONE. 

12.  Luema  Portlandica. 

13.  CvMtfrea  rugosa. 

14.  tirifftmia  meurva. 


FOSSILS  OP  THE  PORTLAND-STONE,  KIMMERIDGE-CLAT,  AND  OXFORD-OOLITE. 


PORTLAND-STONE  (cotUinued). 
g.  1.  Oitrea  McBta. 

2.  iVerito  angulata. 

3.  Naiiea  elegans. 

4.  Buccmum  nadcoide. 

5.  angulatum. 


Fig.  6.  Terehra  Portlandica. 

KIMMERIDOE   &  WETMOUTA  STRATA. 

7.  Serpula  variabilis. 

8.  —  triserrata. 

9.  PtmopcBa  depressa. 


Fig.  10.  Exogyra  Virgula. 

11.  TriganeViiet  latu9. 

OXFORD-OOLITE. 

12.  NertMU  GoodbaUii. 


Plate  XXIV. 
lustrates  Mr.  BelPs  Memoir  <*On  a  new  fossil  species  of  ChelydrcP :  p.  879—881. 


Plate  XXV. 

lustrates  Professor  Sedgwick's  memoir  **  On  the  new  red  sandstone  series,  in  the  basin 

*<  of  the  Eden  and  north-western  coasts  of  Cumberland**:  p.  888—407. 
fg.  1.  Section  on  the  coast  of  Cumberland,  between  Parton  and  St.  Be^s  Head:  p.  391 

—393. 
ig.  2.'  Section  from  the  mountains  east  of  Mdlerstang^  to  the  overlying  conglomerates 

in  the  valley  of  the  Eden  above  Kirkby  Stephen  \  showing  the  great  fault  and  the 

breaks  in  the  carboniferous  series :  p.  383 — 890. 
Ig.  3.  Section  from  the  greywackg  mountains  of  Westmorland^  through  Orion  Scar  and 

BurrelSf  to  the  Eden ;  p.  886. 
ig.  4.  Section  exposed  in  Ben  How  quarry,  between  St.  Bees  and  Whitehaven:  p.  888. 
ig.  5.  Section  from  the  mountains  of  Copeland  Forest^  through  Cold  Fellj  to  the  sea 

north  of  the  river  Colder:  p.  889 — 891. 


Plates  XXVI.  to  XXVIII. 

Illustrate  Col.  Sykes's  memoirs  "On  a  portion  of  the  Dukhim  in  the  East  Indie 
p.  409— 4S2. 

Plate  XXVI. 
Map  of  the  Dukkun. 

Plate  XXVII. 

Panoramic  Sketches. 

No.  1.  is  a  distant  view  of  ike  mountains,  on  which  are  situated  the  celebrated  hiS 

forts  ofjewdxm,  &c.    It  is  taken  from  the  hill  N.  of  the  town  of  Goreh :  p.  432. 
No.  2.  A  view  of  the  hillS)  to  the  North  and  East,  as  seen  from  Lokungaon  in 

the  flat  broad  valley  ofjootteir  (Sewneir). 
No.  2*.  is  a  continuation  of  the  view  No.  2.  from  the  North  roand  to  the  West- 
No.  S.  A  sketch  of  the  hills  to  the  North  and  East,  as  seen  from  the  summit  of  tbe 

armoury,  in  the  fort  of  Ahmednuggur. 
No.  4.  A  sketch  of  the  northern  flank  of  the  Plateau  on  which  the  city  of  Ahmed. 

nuggttr  stands ;  as  seen  from  fVamooree,  in  the  plain  of  the  Godavery  river. 

Plate  XXVIII. 

Fig.  1.  Elevation  and  declination  of  the  country  above  the  Ghdts,  between  73°  SSf  and 
li"  W  East  Longitude,  and  18°  50'  and  19''  IC  3"  North  Latitude:  p.  411 — H8, 
4S2. 

Pig,  2i.  Elevation  and  declination  of  the  country  above  the  Ghdts,  between  17°  35*  and 
74°  49'  Eoit  Longitudt^  and  l&°  S8'  aod  13°  50'  North  Latitude :  p.  424 — 432. 
These  Sections  are  fully  explained  at  p.  4S2. 


Plate  XXIX. 

IHoatratesMr.  Horner's  papw"  On  the  I^vinms  of  Bonn";  p.  433 — 481. 

The  principal  division  of  die  plate  b  a  Map  of  the  £nvtrofu  of  £onn;  described  at 

P.4S4. 
Beneath  is  a  panoramic  view  of  the  Hills  on  the  East  iff  the  Rhine,  as  seen  from 

the  Coblentz  Gate  of  Bonn. 
The  remaining  division  of  the  Plate  represents  the  vertebree  of  a  Fish,  probably, 
of  the  genus  Lamna,  found  in  the  loess  near  Basle;  the  smaller  figures  are  of 
the  natural  size ;  pp.  476,  480. 


f  In  die  engraving  of  fig.  2.,  the  names  Motek  and  Mota  a. 
Hiver,  MoUh  that  of  the  Town. 
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